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The Coenopterid Ferns in American Coal Balls 


William C. Darrah 


The majority of ferns of the Carboniferous era belongs to totally extinct 
families, and perhaps even orders of plants so that close comparisons with 
living forms are not always possible. The plant body of some of these ancient 
ferns is different from that observed in “typical” ferns and their close allies, 
and a great number of problems pertaining to a full understanding of these 
early plants remain unanswered despite large collections of fossils which have 
been gathered during the past century. 


There are two chief sources of information regarding our knowledge of 
these extinct ferns: abundant impression material, much of which, however, 
preserving sufficient detail to permit a fairly accurate interpretation of the 
remains, and petrifactions which generally are much less abundant than the 
impressions, owing to the fact that conditions conducive to such preservation 
are not frequent. As a matter of fact, despite the disproportionate frequence 
of structurally preserved specimens, it would seem that there is ample petrified 
material and that many illuminating specimens have been collected which await 
study, and almost unlimited material awaits collection. In American coal balls 
which have now been found in nine states a considerable number of petrified 
ferns have been obtained, most of which are represented by stems and various 
orders of branches, occasionally with foliage, and more rarely with fructifica- 
tions. In a few cases it is possible to relate sporangia with the parent plant. 
despite the fragmentary nature of most fossils. 

The present communication deals with a number of fossil ferns found in 
American coal balls. These add considerable information to our understanding 
of the morphology of the group, and increase our knowledge relating to their 
distribution and occurrence. 


Geological Occurrence 


All of the coal balls thus far discovered in the United States belong to 
the Pennsylvania system. They are post-Pottsville in age and thus belong in 
the upper portion of the Pennsylvanian. The material described in this paper 
has been collected in seven counties in Iowa and in eastern Kansas in the 
vicinity of Pittsburg. Other coal balls have been found in Illinois, Indiana, 
Kentucky and Missouri, and a few species from these states are mentioned at 
appropriate places in the following discussion. The coal balls of Illinois occur 
at several distinct horizons, the uppermost of which is in the McLeansboro and 
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is presumably equivalent to the Conemaugh of western Pennsylvania (20). 
Further, it has been suggested that the McLeansboro is to be correlated with 
the Stephanian of western Europe. However, this last correlation is not admis- 
sible until the relationship of the McLeansboro to the Conemaugh can be 
determined because the lower portion of the Conemaugh is Westphalian and 
not Stephanian. 


It has not been possible to correlate all of the coals of Iowa which have 
yielded coal balls, but the floras from the various mines are similar and we 
may be quite certain that they belong to the same series. It is very doubtful 
that they belong to a single coal or even to an equivalent horizon. The plant 
content of the Iowa coal balls resembles more closely the flora from the higher 
McLeansboro of Illinois than the lower horizons in Illinois. Precise stratigraphy 
and correlations of a more extensive nature cannot be considered until addi- 
tional field data have been accumulated in Illinois, lowa and Kansas. The Iowa 
coal balls are in the Des Moines series and occur in what is known as the 
lower coal. The coal balls from Kansas have been collected in the Weir- 
Pittsburg coal which outcrops or is near the surface in an extensive field in 
Crawford and Cherokee counties. This coal lies near the middle of the Chero- 
kee shales. The Cherokee is in the lower portion of the Des Moines series 
and the lower coal is also in the Cherokee. Thus, as far as the mid -ontinent 
region is concerned, we can place the coal ball floras in a relatively restricted 
portion of the upper Pennsylvanian. I have published more extensive notes on 
the occurrence of coal balls in Iowa, Kansas and Missouri and indicated some 
of the problems pertaining to more precise stratigraphic position (16, 17) 


In general aspect the plant content of the coal balls differs from that of 
the lower coal measures of Britain and from the Westphalian “A” and “B” 
of Belgium and Holland (30). A fairly close comparison can be drawn with 
the Aegir flora from Holland (31) which is Westphalian “C’. The only 
extensive occurrence of structurally preserved plants in the higher Carbonifer- 
cus of western Europe is in the central basin of France, which is of Stephanian 
age. There are a number of species which show a resemblance to this French 
flora but on the whole the Iowa association contains a much more rich and 
varied group of plants that reveal considerable greater antiquity. The aspect as 
a whole is Westphalian and not Stephanian. 


Hirmer* informs me that recently Zalessky has found a coal ball flora of 
equivalent age in Russia (more precise locality not given). 


Nature and Classification of the Coenopterid Ferns 


The extinct ferns in this complex very probably represent several indepen- 
dent groups of plants. Detailed information of “complete” plants is usually 
(if not always) lacking, so that on anatomical grounds the assemblage is 
accepted, although this acceptance is provisional. 


The earliest recognition of petrified stems of these fossil ferns dates from 


* Personal communication dated May 20, 1940. 
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Cotta (Die Dendrolithen, 1832). Later Corda, Unger and Sterzel contributed 
descriptions of many new forms. Nearly all of their specimens were of Per- 
mian age and none is conspecific with an American Carboniferous form. A few 
are congeneric. 


The discovery of a rich petrified coal ball flora in England, and soon after 
of a more meager one in northwestern Germany, which included abundant 
fern remains, gave a great impetus to investigations of the group. W. C. Wil- 
liamson may be regarded as the chief contributor towards an understanding of 
their plant body, and as the first who appreciated the fact that they could not 
be referred to any family of existing ferns. He was “far from sure” that they 
represented true ferns. Williamson published many comprehensive papers on 
the plants contained in British coal balls. Four of these were devoted in large 
part to a study of the various types of fern structures. 


Larger pieces of the axis have been called “petioles,” though this term is 
used loosely and does not have the same meaning as the “petiole” of seed 
plants. In most existing ferns the stem is a subterranean rhizomatous structure, 
but there is ample evidence to show that a large number of Paleozoic ferns had 
aerial stems and that most of these were erect and bush-like. Another striking 
characteristic of various Paleozoic ferns is the absence of typical expanded 
leaves. This absence makes it nearly impossible to homologize the smaller 
isolated fragments which are encountered as fossil remains. The placement of 
sporangia on such ferns is consistent with this naked nature of the plant body. 
Ordinarily the sporangia are borne in clusters of varying size and number on 
the terminal portions of the axis. The internal anatomy of the stems and 
petiole show a further departure from the usual condition observed in living 
ferns. The stele is nearly always protostelic but often strikingly modified. In 
the majority of Carboniferous ferns there is an elaborate stelar construction 
with many leaf traces and smaller “aphlebian” traces in several planes of 
symmetry. These structures are poorly understood and we owe most of our 
knowledge of them to the researches of Paul Bertrand and his student Paul 
Corsin. 


Williamson applied the form-genus name Rachiopteris to all such petiolar 
structures. This name embraces many unrelated forms, all of which have since 
been referred to more definite, but still artificial genera. The term Rachiopteris 
does not express any degree of relationship and the name is now completely 
obsolete. Corda was the first student of similar stems to give adequate descrip- 
tions of the Permian and lower Carboniferous petrifications from Germany 
and a number of the genera now recognized were originally proposed by him. 


Renault was the first to describe the later Carboniferous (Stephanian) and 
Permian ferns of France. Although little critical work was done on this group 
subsequently and prior to the publication of Stenzel’s investigations in 1887. 
it was Bertrand who systematized this knowledge after a comprehensive restudy 
of all of the old and of considerable new material. As a result a series of 
generic names was presented, necessitating extensive synonymies and involving 
marked differences in interpretation. 


P. Bertrand proposed the group name Inversicatenales for all the primitive 
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ferns having a series of modifications on a common stem construction. In 1906 
E. A. N. Arber included in the Primofilices all of the primitive ferns without 
living representatives, having a protostelic stem construction, poorly developed 
laminae, and simple organization of fruiting organs. Admittedly this is not a 
clear or concise diagnosis. Bower finally recommended the use of the designa- 
tion Coenopteridales (=Coenopterideae Seward), a group more or less coex- 
tensive with that recognized by Bertrand and by Arber. Although these three 
designations may not be absolutely synonymous they are in large part mutually 
inclusive and for practical purposes may well be considered as fully synony- 
mous, being based on the same complex of early extinct ferns. This group, here 
called Coenopteriadales, had a geologic history commencing in the Devonian, 
extending through the Carboniferous and through much of the Permian, and 
gtadually becoming extinct before the close of the era. In order to introduce 
some degree of perspective this range might be contrasted with the geologic 
history of a few families of existing ferns. Four existing families have represen- 
tatives living contemporaneously with the younger members of the Coenopteri- 
dales: Marattiaceae, Osmundaceae, Schizaeaceae and Gleicheniaceae. These four 
families are believed to represent,on comparative anatomical grounds, relatively 
“primitive” ferns. None of the more evolved fern groups, such as the Poly- 
podiaceae is represented by any records in either the Carboniferous or the 
Permian. 


The Coenopteridales have been found in Carboniferous rocks scattered 


throughout the northern hemisphere. In the Permian they were apparently 
equally widespread although the limited number of outcrops of Permian rocks 
has more or less restricted the possibility of their discovery. At least one 
Australian form, i.e., southern hemisphere, has been described. No undoubted 
Coenopterids outlived the Paleozoic. There is reason to believe they became 
extinct in the lower Permian. The oldest undoubted member of the group is 
the somewhat incompletely known Asteropteris from the Devonian of New 
York State. Asterochlaena also occurs in the upper Devonian and the proba- 
bility that it is related to other stem types has been suggested by Bertrand, 
although little evidence seems to support this opinion. In 1911 (6) he sug- 
gested that this petiolar type was borne on Cladoxylon stems but until actual 
connection is proven little support can be gathered from mere association. 
Scott in particular doubted whether this connection would ever be demon- 
strated. As late as 1935 Bertrand (7) still believed that there was a strong 
possibility that such a relationship would, however, ultimately be proven. The 
position of Cladoxylon in the plant kingdom has remained a mystery and most 
investigators are now inclined to place it closer to the seed ferns or to some 
other primitive megaphyllous group independent of the true ferns. The chief 
characteristic of stems showing this structure is the so-called polystelic axis 
which bears at least a superficial resemblance to seed ferns of the medullosan 
type. In a recent treatment Hirmer regards Cladoxylon to be of uncertain 
position but well within the pteridophytic complex (55). Little evidence can 
be put forward to support any other position. 


Thus there are two features which must be emphasized in a study of these 
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early ferns: in the first place the importance of their extinction, i.e. to say, 
they represent races which no longer exist, and in the second place their dis- 
similarity in construction to any living ferns. Thus it is possible that a study 
of their characteristics might yield considerable information concerning the 
early evolution of the fern complex and the origins of the so-called modern 
families. 


The various genera of Coenopterid ferns are arranged in different positions 
according to the criteria emphasized by different investigators. Stauropteris is 
usually considered to be one of the simplest. The plant was bush-like, radially 
symmetrical with the branching, a double dichotomy, giving rise to a highly 
compound frond without a differentiated lamina. The sporangia were borne in 
small clusters at the tips of the ultimate branches. The stele was nearly square 
in transverse section and the xylem formed a cruciform mass. The phloem was 
a thin tissue surrounding the xylem, but it filled also the spaces between the 
xylem arms. There is an anomalous feature in this stele, the occurrence of a 
thin-walled tissue in the middle of the xylem. This is particularly evident in 
Scott’s figure (50, Fig. 145). The protoxylem occurs in four small patches at 
the outermost corners ofthe stelar mass and the development of metaxylem is 
endarch. The branches arise in paits each succeeding pair arise on the opposite 
side of the rachis. The two pinnae of a single pair are united at the base and 
thus have the appearance of limbs or branches of a dichotomy. Each secondary 
rachis has the same appearance in transverse section as the primary rachis 
through it is duplicated in miniature. 

The second genus in a mote or less natural sequence is Botryopteris, which 
in most species shows in transverse sections through the petiole a W-shaped 
stele with three patches of protoxylem and increasingly larger metaxylem which 
ultimately forms a solid xylem mass. The petioles are borne in spiral order. 
Their phyllotaxy is 2/;. The full construction of this plantis not known. For 
instance, there is little evidence which shows how large the whole plant was 
when living and what portion of the axis these small petioles represented. The 
American coal ball material has revealed significant information relating to the 
habit of Botryopteris. These two gencra are placed in monogeneric families. 


The remaining petiolar types are usually placed in a single family known 
as the Lygopteridaceae. The stele in these plants was often stellate, the xylem 
always having had complex structure, the xylem elements forming a broad 
external zone while the smaller interior elements were intermingled with paren- 
chyma. The various members of this group are arranged in two subordinate 
groups, sometimes considered to be of family rank. The Dineuroideae possessed 
tour rows of pinnae on the primary rachis and the Clepsydroideae two rows 
of pinnae on the primary rachis. In the Dineuroideae there was a great variety 
of forms of the foliar bundle. Etapteris is associated with this group. The H- 
shape or X-shape of the stele is typical In the Clepsydroideae the cross-sectional 
forms of the petiolar traces have been compared to an hour glass, a dumbbell, 
a double anchor and a battle axe (Sahni), but these are all variations of a 
tundamental plan. 


Unfortunately, the degree of individual variation of the many fossil plants 
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is a little known characteristic. It is usually necessary to give new names to 
plants which deviate from the form of the type specimens. One of the chief 
objections to the type method in paleobotanical taxonomy is the awkward 
necessity of constantly modifying the original diagnosis as new individuals 
ate discovered, or else to describe countless numbers of species merely because 
the original diagnosis of one or two specimens is so limited. There is a useful 
and convenient mean somewhere between two extremes, but it would appear 
that a more liberal interpretation of the structural variation should be adopted 
in the taxonomic descriptions of fossil plants. Koopmans (30) has indicated 
this situation under the discussions of several of the species included in his 
monograph on coal ball plants of southern Holland, and Benson (Ann. Bot. 
26:201, 1912), has done similar work on the leaves of Cordaites, but so far 
as I am aware, this is an attitude which has not been encouraged. It is self 
evident that the immediate problem is to describe the specimen in hand and if 
it does not conform very closely to the original description, and if no large 
series demonstrating variations are available, a new name must be given to the 
specimen under investigation, with the expectation that at any time the name 
may be discarded as being superfluous. 


The Coenopteridales, so far as their sporangial organs are known are typi- 
cally eusporangiate as defined by Bower (8), and essentially the same as those 
accepted by Christensen. On the other hand, the vegetative body shows a 
striking degree of divergence from the typical fern body. Obviously, there is 


some question as to what extent the Coenopterid complex is a natural group. 
It is quite possible that some of the plants placed in this group are not ferns 
at all, but that they belong to the seed ferns or to other early and as yet poorly 
understood pteropsids. Also, the fructifications of only a limited number of 
species have been observed. All of the species discussed in this communication 
are based upon structurally preserved petioles. 

There are three features which must be considered in any attempt to deter- 
mine the phylogenetic relationships of the group. The first of these is the 
complex nature of the axis which bears various types of branches and leaf-like 
organs, not strictly comparable with the typical fern body. In the second place 
there is the unusual mode of leaf bearing which in the Zygopterid ferns may 
be in two or four vertical rows of segments. Neither this anomalous feature 
nor the significance of the mode of branching are fully understood. Finally, 
secondary activity is present among some of the species. Although there are 
comparable cases among a few living ferns they do not show the amount 
observable in Paleozoic plants such as Botrychioxylon (22). 

The terminology applied to the anatomy and histology of the Coenopterid 
fern was originally devised by Paul Bertrand (5) but more recently a some- 
what modified and simplified system has been proposed by Corsin (13). 
Strictly speaking these terms apply to the leaf trace of the Zygopterid ferns 
but they are frequently used more extensively. 

Corsin’s great monograph includes several new species which are not likely 
to be recognized by all investigators familiar with this group. Although his 
diagnoses are carefully drawn and the specimens are painstakingly described, 
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the degrees of difference among the several species of the same genus are 
frequently trifling. Yet there is a basis for his point of view, e.g., the conserva- 
tive attitude which holds that whenever identity is not absolutely certain a new 
name should be given to the specimen in question. However, biometric inter- 
pretation of variability and the range of variation must be considered in fossil 
plants as much as in living ones, because in well known species the tendency 
is to group together names of various species rather than to distinguish new 
ones. This is particularly true of Ankyropteris grayi, Botryopteris ramosa and 
Anachoropteris involuta, as will be shown later. 

The most important novel interpretation of Coenopterid ferns recently 
proposed is the recognition that at least a considerable number of these plants 
attained large size. This view is opposed to that held by Bower (8, 9) and 
Scott (50), and shared by many other who claim that most of the Coenop- 
terids were small plants the majority being herbaceous and the remainder 
being creeping or climbing forms. 


Description of the American Specimens 
The various Coenopterids found in American Coal balls belong to five 
genera and ten species, two of which are new. 


species (5S. americana sp. nov.) 
species* (B. tridentata, americana, renaulti, radiata sp. nov.) 


Stauropteris 
Botryopteris 


species (A. gravi) 
species (A. involutc). 


Ankvropteris 
Anachoropteris 


4 
Etapteris 3 species (E. scotti, bertrandi, diupsilon) 
1 


Stauropteris Binney, 1872, Mem. and Proc. Manch. Lit. 
and Phil. Soc. 11:69. 


Stauropteris americana sp. nov. 
(Figs. 15, 20) 

Small protostelic petioles varying from 0.2 to 2.5 mm. in diameter, having 
a solid core of xylem with four masses of pitted tracheides. Stele squarish or 
tounded in outline. In the smaller petioles there may be only two or three 
protoxylem masses. In none of our specimens is the xylem discontinuous. 
Phloem not well preserved. Cortex divided into two regions, a thin inner zone 
ot parenchymatous cells and an outer heavily sclerenchymized zoned. Pinnae 
or secondary petioles given off in pairs, alternately, but nearly at the same 
level giving a verticillated appearance to the axis. Axis branches by true 
dichotomy. Small leaves are poorly developed, thick rounded, 3 to 10 mm. 
long, provided with a simple trace. Fructification not definitely known. 


Iowa: Dallas County, Urbandale Mine (Type specimen 48638). 
Pennsylvanian: Des Moines Series. 


The type specimen of Stauropteris americana shows 22 branches, 6 of which 

* On the basis of the available evidence the editor is of the opinion that Graham's 
Botrvopteris americana should either be reduced, if as the author states it is the same 
as B. forensis, or if they are different, as Graham thought, B. forensis must be added to 
the list — J. H. Hoskins. 
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exhibit bifurcation. There are several striking features which can be observed 
at a magnification of three times. First the solid vascular cylinder, the presence 
of relatively large leaf gaps, and “verticillated” slender leaves. 

The leaves of this plant are of particular interest. They vary in length from 
three to nearly ten millimeters. They have nearly the same thickness from their 
point of insertion upon the axis to the tip, although often an oblique section 
gives a misleading view showing apparent thickening near the basal region. The 
cuticle and epidermis are not very well preserved. There is a palisade layer one 
cell thick. The small vascular trace is composed of a few spiral elements. The 
mesophyll which is not very well preserved is thin-walled, fairly loose but with 
very small intercellular spaces. In transverse section a single leaf appears as a 
four sided structure slightly rounded and more expanded on the upper surface 
(Fig. 20). The midrib is nearer the upper surface than the lower. There is a 
striking similarity between the leaf on this plant and an isolated type originally 
interpreted as a fern, but recently referred to the Calamites (Holden, Ann. 
Bot. 49:239-246, 1935). 

Bower has suggested that the Stauropterids did not bear true leaves and 
merely had slightly cladified ultimate divisions of the axis. The right limb of 
the middle branch of the specimen figured on Plate 5, Fig. 20, shows a remark- 
able view of an axis cut slightly diagonally. This shows the occurrence of two 
leaf traces which had their origin as a single trace in the stele and depart at a 
slight angle curving upward and outward throughout the wood. The two bifur- 
cations depart at an angle of 90 degrees from each other. Since this is dupli- 
cated in the principle plane the phyllotaxy appears to be verticillated, but 
instead the plant is “dineuroid” with four rows of leaves. Aphlebia have not 
been shown to occur on this plant although small bracts which subtend some 
of the leaves may be aphlebids. At any rate the aphlebia would not appear in 
the same section in the longitudinal view as would the pinna trace. 


This species differs from Stauropteris oldhamia Binney (Fig. 10) in its 
more direct dichotomous habit, the solid core of xylem, even in the larger 
stems, and the nature of the ultimate segments here considered to be “leaves” 
or the homologues of leaves. In Stauropteris oldhamia and in S. burntislandica 


the ‘leaves” are not fully known. 


BotryopTeris Renault, 1875, Ann. des Sci. nat., Bot. ser. 6. 1:223. 
Botryopteris tridentata (Felix) Posthumus 
(Fig. 6) 
1924 Posthumus, Zittingsverslagen Kon. Akad. Wetensch. Amsterdam 33 :883. 
1886 Rachiopteris tridentata Felix, Abh. geol. spezialkarte Preuss. 8, 1 pt. 3; 12. 


2 
1889 Rachiopteris hirsuta Williamson, Phil. Trans. Roy. Soc. Lond. B. 180: 161. 


f. 9-12. 
1899 Botryopteris hirsuta Scott, Ann. Rept. Brit. Assoc. Bristol: 1050. 

Felix described Rachiopteris tridentata from small petioles which had three 
points of protoxylem and a large mass of metaxylem developed in a mesarch 
manner. Since the time of Felix’s paper many similar petioles have been found 
and referred to other species. These are americana, ramosa, hirsuta, and muci- 
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leginosa. There is no agreement as to whether these represent true “species” 
or not. Koopmans (30) was of the opinion that all of them represented forms 
of Felix’s plant, although most British paleobotanists recognize at least two 
species. The American forms are quite obscure because the diagnoses have been 
based upon limited material. They possess the usual shape of the stele and 
they vary in size from 0.3 mm. to more than 4 mm. in diameter. The specimen 
shown in Fig. 1 is of particular interest because it exhibits a single petiole which 
has bifurcated and given rise to two additional petioles which are of almost the 
same diameter as the parent axis. So far as I can determine it is identical with 
Botryopteris americana Graham although this is one of the forms sometimes 
included in Botryopteris tridentata. Hirmer recognized B. ramosa Williamson 
as a valid species, but he identifies B. hirsuta Williamson with B. tridentata 
Felix. B. forensis Renault is a valid species not yet discovered in the United 
States. It is typical of the lowest Permian of France. There is another species 
in the Coal Measures of England, B. cylindrica Williamson, which so far as I 
can tell this form has not yet been found in America, although there seems to 
be no good reason for its apparent absence. 

Scott has figured (50, Fig. 150) a remarkable specimen of B. ramosa which 
has a main axis with a large stele that is solid and which gives rise to a number 
of leaf traces, one of which shows the typical petiolar construction. 


Botryopteris americana Graham 
(Figs. 1, 3, 13, 28) 


1935 Graham, Bot. Gaz. 97:162, fig. 21. 

Botryopteris americana Graham is the most abundant fern thus far found 

in the American coal ball floras. It is a typical Botryopterid in that the stele 
of the petiole is U-shaped in cross section and in having three xylem arms 
projecting abaxially. There is a dense outer cortex, a less dense and more 
spongy inner cortex which is usually decomposed. Pinna traces are given off 
alternately from the tips of the lateral xylem arms. So far as can be ascertained 
sclerotic elements surrounding the xylem are absent, a character which distin- 
guishes this from most of the other species of Botryopteris. The petiole bears 
the so-called equisetoid hairs such as are known in Botryopte ris forensis, but 
“equisetoid” hairs are characteristic of most of the species included in this 
genus. The reported occurrence of B. forensis in Illinois published by Hoskins 
must be suppressed. The specimen belongs to B. americana. No undoubted 
specimens of B. forensis have been found as yet in North America. The 
smaller branches of the axis have a solid stele which is more or less circular 
in cross-section. The various species cannot be distinguished in these small 
branches and only in their attached condition can they be referred with conf- 
dence to already described forms. 


Graham reported that normal sporangia and sterile sporangia associated 
with B. americana are similar to those described by Renault for B. forensis 
Similar detached organs have been found in Lowa coal balls and it is possible 
that they belong to B. americana. 


The type locality of this species is Calhoun, Richland County, Illinois 
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Botryopteris renaulti C. E. Bertrand and F. Cornaille 
(Figs. 5, 2?) 


1910 Bertrand and Cornaille, C. R. Acad. Sci. Paris 150:1019-1923. 
1877 Rachiopteris forensis Grand’Eury (non Renault) Flore carb. dépt. Loire :64, 


pl. 13, fig. 1. 

1930 Botryopteris hirsuta Hoskins, Amer. Midl. Nat. 12:155, # 2, fig. 

1937 Botryopteris renaulti Corsin, Contrib. Etude Fougéres. . ‘Sanaa :214, 
pl. 38, 39, 40. 


This rather rare form is at once distinguished by the nature of the xylem 
mass in the primary and secondary petioles. It is divided into two parts which 
appear to be completely free in the transverse plane. The original specimen 
came from the vicinity of Grand’Croix at the basal portion of the Stephanian 
series. 

I am not at all certain that this is a valid species. It is always associated 
with Botryopteris of the forensis group. (B. forensis Ren., and B. americana 
Graham) and in our material occurs with a frequence of one out of forty 
specimens of botryopterid petioles; specimens of B. americana have a frequence 
of three out of four. 

The histological detail is similar to that of B. americana, tissue for tissue. 
A full description, based upon better preserved specimens than I have obtained, 
is given by Corsin. 


Botryopteris radiata sp. nov. 
(Figs. 7, 8) 


Small petioles 0.4 to 2.6 mm. in diameter, circular in outline with a radiate 
solid stele. Protoxylem peripheral, usually 10 or 12, occasionally 15, small 
points, equidistant from one another. Three or four elements in each cluster. 
Development of metaxylem endarch, largest pitted tracheids in the center. 
Phloem and endodermis present but not well preserved. Cortex differentiated 
into three zones, slightly sclerified in the middle zone, inner zone often decom- 
posed. Appendages unknown. This form may represent tertiary (ultimate) 
petioles of some other plant. 


Iowa: Dallas County, Waukee, Shuler Mine; (Holotype 43206) F. O 
Thompson Coll. Polk County, Urbandale Mine, F. O. Thompson Coll. — 
Lucas County, Williamson Mine, F. O. Thompson Coll. 

Kansas: Crawford County, Frontenac. F. O. Thompson Coll. 

Pennsylvanian: Des Moines Series. 

This species seems to be allied to Botryopteris fraiponti Leclercq from the 
Westphalian Series of Belgium, near Liége. 

Botryopteris fraiponti is an incompletely known form which possibly must 
be referred to a new genus. The small stems contain a simple exarch protostele. 
It has been suggested that these very slender “stems” may instead represent 
ultimate branches. There are a number of projecting groups of protoxylem 
which are peripheral in their placement. The number varies considerably. 
usually there are 7 or 8, sometimes even 10 groups of protoxylem. The leaf 
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trace is composed of a small mass of metaxylem including three groups of 
protoxylem. This is comparable to the typical stem and might be considered 
as tesulting from an unequal dichotomy. Browne has suggested that this bears 
a comparison with the origin of the leaf trace in Botryopteris antiqua. She 
atgues that if this interpretation is correct then B. fraiponti would be the most 
primitive member of the botryopterid group. This may belong in a new genus 
(a possibility suggested by Lecrercq) and then a primitive condition would 
not necessarily be implied. 


Erapteris P. Bertrand, 1907, C. R. Acad. Sci. Paris 145:775. 


This genus is in need of critical revision. The oldest species is Etapteris 
tubicaulis (Goepp.) P. Bertr. from the lower Carboniferous of Silesia. Seven 
or eight species have been reported from upper Carboniferous coal balls, but 
there is considerable evidence which points to the probability that these repre- 
sent but two species, Etapteris scotti, P. Bertrand and Etapteris diupsilon 
(Will.) P. Bertr. 

Etapteris scotti P. Bertrand 
(Figs. 16, 22, 25) 
1907 Bertrand, C. R. Acad. Sci. Paris 145:776. 
1909 Bertrand, Zygopteridées :140, pl. 16, f. 11, 12. 
1872 Zvgopteris lacattii B'nn-y, non Renau!t. 


1874 Rachiopteris lacattii Williamson, non Renault. 
1886 Rachiopteris lacattti Felix, Renault. 


The stcle of Etapteris usually appears as a modified letter “H” in trans- 
verse section and occasionally in Etapteris scotti as a double anchor. The cross 
bar or middle bar is composed of large reticulate tracheids. This bar is often 
thicker in the middle. The arms at opposite ends are shorter than the cross bar 
ond are considerably th‘nner at their point of connection with the bar than on 
the free ends. The arms are composed of large tracheids although there are 
smaller peripheral elements. The protoxylem consists of small scalariform 
tracheids and occurs as a small area outside of each arm at its insertion on th> 
cross arm. The phloem is not well preserved, almost always being indicated 
by crushed cells. Apparently it followed the outline of the xylem mass. The 
cortex was differentiated into two rather sharply defined zones: the inner 
composed of large, thin-walled, rounded, more or less isodiametric cells, and 
the outer zone composed of much smaller, elonsate, thick-walled cells many of 
which seem to be filled with a substance which most probably is not decompo- 
sition residue. The elongate cells of the outer cortex vary considerably in 
length, those on the outside genera!ly being the longest. 


In our material attributed to Etapteris scotti, there are a number of speci- 
mens which deviate considerably from the “normal’’ or typical specimen. In 
several cases the arms of the stele are short and blunt, in others the middle 
bar is thin and straight. We have recovered 31 specimens of this species frorn 
the Shuler Mine and about two-thirds (19) of these are “typical,” these are 
invariably the “middle sized” petioles — the smaller becoming more blunt and 
the larger more elongated and slender. Koopmans (1928, p. 30, Figs. 113, 114, 
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123) notes “slight variations” which are similar to, and within the range indi- 
cated above. He also suggested that Etapteris lacattei Leclercq was probably 
only one of these variations. With this opinion I agree. All of these are only 
cross-sections cut at different distances from the base of the petiole. Posthumus 
has suggested that Etapteris bertrandi Scott (Fig. 26) is probably an upper 
portion of Etapteris scotti. The Etapteris bertrandi form has been found in 


Iowa and in Kansas. 


ANKyropTERIS P. Bertrand, 1907, C. R. Acad. Sci. Paris 144:1304. 
Ankyropteris grayi (Williamson) P. Bertrand 
(Figs. 21, 34) 
1907 P. Bertrand, C. R. Acad. Sci. Paris 144:777. 


1889 Rachiopteris grayi Williamson. Phil. Trans. Roy. Soc. Lond. 180:156. 
1899 Zvgopteris grayi Scott, Rept. Brit. Assoc. Bristol: 1050. 


This coenopterid fern has not been found previously outside of England 
where it is a rather rare species of the Lower Coal Measures flora. There are 
still many unanswered questions concerning the habit of the plant. All of our 
specimens were collected at the Shuler Mine in Dallas County, Iowa. 


Kidston (28) attributed “petioles” of Etapteris diupsilon (Williamson) 
(Figs. 9, 23) Bertrand to A. gray:, and I concur in this opinion. However, 
Posthumus (39, 40) considered Kidston’s view erroneous. I have seen a speci- 
men showing these two petiolar types lying adjacent, but separate, in one coal 
ball and joined within the same cortex in another. In neither case was it possi- 
ble to observe connection or continuity of vascular tissues, owing to the small 
size of the coal balls which precluded the possibility that a sufficiently large 
portion of the plant would be preserved. These are figured on Plates 6 and 12. 


More basal portions of the secondary petioles have Anachoropteris struc- 
ture (Anachoropteris decaisne: Williamson non Renault, A. decaisnei: Binney. 
non Renault). The relationship of this form to Ankyropteris gray: is fairly 
well known (33, 40). 


Inkyropteris gray! is represented in our collection by five good specimens 
of the stem with appendages and a number of smaller petioles carrying Etap- 
tenis structure. The identification of this species is certain. The leaf trace is 
undivided and internal xylem is always present. There is no pith although 
Williamson described the stem as having a “mixed pith.” The aphlebiae 
contain two or three vascular strands which have arisen from a single one 
which commences to branch at the base of the leaf. The stele is typically 
actinostelic and does not differ in any manner from the type specimens of 
Williamson and the additional specimens described by Scott in 1912 (49) 
The leaf trace possessed peripher il loops ind thus belongs clearly with the 
Inkyropteris series. The leaf trace, as it leaves the petiole gives off numerous 
lateral strands which probably supply the aphlebiae. Scott interpreted these as 
econdary petioles. Bertrand described Ankyropteris gray: as having five curved 
plates ot xylem but this is not the case; the stem is truly protostelic The stem 
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of Ankyropteris grayi is cauline, a type of structure which occurs in many of 
the Coenopterid ferns. 

The specimen shown in Fig. 34 gives a portrayal, twice natural size, of a 
stem of Ankyropteris grayi, with a remarkable petiole with Etapteris diupsilon 
structure imbedded in the cortical tissues. The cortex of both the Ankyrop- 
teris and the Etapteris portions is identical and continuous. Note the whole 
structure is surrounded by a zone of cortical roots which bear a close compari- 
son with similar tissues found in the genus Pecopteris or its structural form 
called Psaronius. The fact that the several petiolar units are imbedded in this 
great zone of aerial, adventitious, cortical rootlets mdicates that a large false 
stem typified this plant. Such false stems are abundantly represented among 
the Paleozoic ferns. 


In 1918 Sahni (43) modified the interpretation of the genus Clepsydropsis 
Unger, 1856, and recognized two sections of the genus: Clepsydropsis restrict- 
ed, and Ankyropteris, distinguished by the position of the peripheral loops 

which in Clepsydropsis extend in a right-left plane and in Ankyropteris which 
extend antero-posteriorly. The stem may or may not have the axillary branches. 
but when present are more or less equally forked. The “mixed pith” in the 
stele is more probably regarded as internal xylem composed of elements which 
are markedly different in size from the main ones. The roots, in those cases 
where found, have been shown to be diarch. 


In Ankyropteris the stem bifurcates frequently. In A. corrugata the branch- 
ing was by equal dichotomy, but in A. gray: it was by unequal dichotomy. The 
weaker axis thus has the superficial appearance of an axillary shoot. Since both 
branches of the main axis have approximately the same stelar construction 
this mode of branching would seem to be a true dichotomy. The weaker branch 
of the axis may repeat the construction on a more simple scale. 


ANACHOROPTERIS Corda, 1845, Flora der Vorwelt p. 84 


The limits of this genus are in considerable doubt. Some of the forms 
included in the genus are now known to be portions of plants really belonging 
to other genera. Anachoropteris decaisne: Renault from the Stephanian of 
France is believed to be a valid “species,” although very similar supposed 
secondary petioles are borne upon Ankyropteris gray:. Binney and William 
son, as noted before, had identified specimens found in English coal balls with 
Renault’s species but they are not identical. Kubart (33) has given the fullest 
account of the genus includ:ny “stem,” petiole, lamina, and fructification 


The involute stele of most of the species seems To be a generic character 


Ana horopters involuta Hoskins 
(Figs. 17, 18, 19, 24, and 27) 
1930 Hoskins, Amer. Midl. Nat. 12:156, pl. 3, tig. 5 


1937 Corsin, Contrib. létude des Fougéres anciennes, etc 120 
1935 Anac horopteris clavata Graham, Bot. Gaz. 97-163, pl. 63, hg. 22 


This rather rare plant was originally described trom the MeLeansboro 
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Series of Illinois. It has proven to be quite abundant in Iowa and Kansas — 
more than a score of excellent specimens has been found. Primary and second- 
ary petioles have been observed. 


Corsin has noted that two aphlebiae are present, one posterior and the other 
anterior to the base of the secondary petioles. I have seen aphlebia traces on 
only two specimens. 


A nachoropteris williamsoni Koopmans ( Anachoropteris rotundata Scott. 
non Corda), is a closely allied form. 


The xylem is incurved or involute, the largest tracheids being located in 
the incurved ends. The largest tracheids are pitted. Phloem is not preserved. 
The cortex is differentiated into an outer sclerenchymized zone and an inner 
parenchymatous zone. Although a relatively large number of specimens attrib- 
uted to this species havebe en found in Iowa, they add little to the emended 
specific description given by Corsin except to add to the synonymy, A nachorop- 
teris clavata Graham. 


The diagnosis Anachoropteris clavata was based on a section of a second 
ary petiole of Anachoropteris involuta. Corsin believed this to be true, but his 
opinion lacked confirmation. Two good secondary petioles showing A. clavata 
structure have been studied in serial section (Fig. 18). 


A recapitulation of the sizes and forms of the preceding species is presented 
in the following summary: 


Species Maximum Maximum 
diameter diameter 
of petiole of stele Remarks 


Secondary petiole 
Secondary petiole 
Secondary petiole 
Secondary petiole 
Secondary (>) petiole 
Secondary petiole 
Secondary petiole 
Secondary petiole 
Primary (>) petioles 
Primary petiole 


Stauropleris americana _ 2.5 mm. 
Botrvopteris tridentata 
Botryopteris americana 
Botrvopteris renaulti 
Botrvopteris radiata 
Etapteris scotti 
Etapteris bertrandi 
Etapteris diupsilon 
Ankvropteris gravi 
Anachoropteris involuta 


w 


AN 


These ten species of coenopterid ferns are typical members of the group 
Nearly all of them are well known and widely distributed forms occurring in 
western Europe and North America. The two new species are closely allied 
to European forms and present no unexpected data. A chart showing distri- 


hutional data is given below. 


The large number of specimens which formed the basis of this study 
(rearly 400 petioles, exclusive of discarded poorly-preserved Botryopteris) 
have given considerable information concerning the plant body and the habit 
of the various genera. Histological descriptions for each form are not included 
because they are generally accessible (Bertrand, Scott, Sahni, Corsin et al.) 


and do not require repetition. 
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DisTRIBUTION OF AMERICAN COENOPTERID FERNS 


England-Holland 
Belgium-Germany France 


(Westphalian A- Holland-Germany (Stephanian) 
B) (Westphalian C) 


Stauropteris americana S. oldhamia 


Botryopteris tridentata x 

B. americana B. forensis 
B. renaullti x 

B. radiata B. fraiponti 
Etapteris scotti x 

E. cf. bertrandi x 

E. diupsilon x 
Ankyroptis gravi x 
Anachoropteris involuta A. williamsoni A. williamsoni x 


Identical species are indicated by the letter “X,"’ related species are named. 


Discussion of the Appendages .i the Coenopterid Ferns 


There are three structures of the coenopterid body which are still incom- 
pletely understood: the nature of the aphlebiae, the nature of the Zygopterid 
leaf, and the nature of the lamina of the leaf. Many more data are needed to 
complete our knowledge of these structures but the interpretation of their 
general construction appears to be rather well stabilized. It may be of interest 


to visualize the whole plant and then consider the various appendages of the 
body (Fig. 14). 

The interpretation of the leaf of all Coenopterids is still largely contro- 
versial. The only clear evidence concerning the foliage of any of the members 
of the group is based upon those few examples reported by Grand’Eury and 
Renault (16), in which poorly developed laminae have been found connected 
with smaller segments of the branch system which can be recognized by the 
petiolar trace. Thus the foliage of Botryopteris forensis is supposed to be of a 
Sphenopterid type, whereas the foliage of Stauropteris is assumed to be 
unknown. Most investigators are of the opinion that truc leaves were absent 
in this plant and that the small dichotomized twigs were, in life, green and 
functioned as leaves. Stauropteris americana bears homologues of leaves which 
I regard as true leaves. It is quite probable that in time we shall find more 
complete portions of the body of other Stauropterids which must have been 
more or less frondose. Kraentzel (32) recognized leaves associated with Botry- 
opteris mucilaginosa and e'sewhere I have noted (18) the discovery of similar 
rinnules borne in organic union with Botryopteris petioles and noted that these 
pinnules at least belong to foliage of the Neuropteris rarinervis type, if they 
are actually identical with this species. 

The specimen shown in Fig. 30 illustrates the morphological relationship 
of Botryopteris petioles. To the right of the primary petiole there is a forked 
secondary petiole with the two limbs having Botryopteris americana structure. 
Another view of the same specimen three times natural size is shown in Fig. 
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31. This is the pinnule form known as Neuropteris group rarinervis borne 
upon the petiole of a Botryopteris with a solid meristele. In Fig. 32 the same 
specimen is shown from a serial section six peels removed. The interval between 
the two is approximately 0.15 mm. The sporangia ate shown to the right and 
these have the general construction of Cyathotrachus. All of these parts are 
known in organic attachment and have been followed by successive sections 
through the part of the plant preserved. Attention is called to the similarity 
ot all of these vegetative parts with Botryopteris mucilaginosa Kraentzel. 


Sahni (43) investigated the branching of the Zygopteridean leaf and 
concluded that the homologies of the various petioles found in the Coenop- 
terid ferns are simple indeed. He regarded the primary petiole as the “petiole” 
of the frond, the secondary petioles as the rib of the pinnae, and the tertiary 
petioles as ribs of the pinnules. According to this interpretation the whole 
plant body is fern-like, and our misconceptions concerning the gross morphol- 
egy are due entirely to a misunderstanding of the branching system. Perhaps 
no other discovery contributed to this erroneous assumption than the interpre- 
tation of Stauropteris, as a radially symmetrical structure, at least in superficial 
appearance. Lignier was probably the first to insist that this plant held an 
exceedingly primitive position among the earliest ferns and considerable sub- 
stantiation was read into the supposed early occurrence of at least one of the 
species (Basal Carboniferous of Burntisland) . 


In those cases in which the individual fragments of the petiolar system are 
preserved only in small unattached fragments, it is necessary to reserve the 


term “rachis” for them and it is convenient to use the designations suggested 
by Sahni. The tertiary rachis is homologous with the pinnule, the secondary 
rachis with the pinna and the primary rachis with the so-called rachis of the 


frond. 


The mode of branching among the Zygopterids also has been a matter of 
some controversy although foilowing the work of Bertrand two types have 
been recognized: one, fronds bearing four series of pinnae, two on each side 
of the primary rachis; the other type there are two series of pinnae, one on 
each side of the primary rachis. There is little doubt that in all vascular plants 
known to possess pinnate leaves only two rows of pinnae are developed. This 
would make it necessary to interpret the radial symmetry of Stauropteris as 
being purely superficial. In many types of Zygopterids the secondary rachis is 
tused with the primary rachis although the vascular strands may be quite 
distinct. The tertiary raches are free and these branch monopodially and often 
bear the lateral structures called aphlebiae. In Ankyropteris the secondary 
rachis may become free, branch monopodially, and _ bear aphlebiae. In_ this 
connection Sahni describes a curious plant known as Gyropteris sinuosa Goep- 
pert from the lower Carboniferous of Germany. He was struck by the similar- 
ity of the stele of the leaf (see 5, p. 181) and that of various Zygopterids 
such as Metaclepsydropsis and Diplolabis. Since the transverse section of the 
vascular strand of this leaf measures nearly a centimeter in length and this is 
several times that known in Metaclepsydropsis, Sahni suggests that the com- 
plete plant bearing Gyropteris must have been a giant among ferns. Bertrand 
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had noted the resemblance but suggested that it belonged in a separate genus. 
Special consideration must be given to the opinion of Sahni because the 
imbedded leaf trace of Metaclepsydropsis was not fully understood at the time 
when Bertrand published his investigation, nor was it believed that this feature 
was as widesperad as it has turned out to be. 


One of the anomalous characteristics of many of the Paleozoic ferns is the 
occurrence of peculiar appendages which are borne on the stem and petiole. 
These leaf-like organs have been called aphlebiae. It is not known, for instance, 
how extensive their distribution is. They are found in the Coenopterid ferns 
and among various groups more nearly related to the Marattiaceae. There is 
considerable evidence which supportsthe idea that aphlebiae occur also among 
many seed ferns. Originally these aphleboid structures were believed to repre- 
sent small leaves or scales which might be equivalent to reduced branches. 
Bertrand compared them with secondary raches, which were reduced. With the 
discovery of many varied Devonian plants with exceedingly simple and undif- 
ferentiated aerial axes, it was believed that these small scale “leaves” might be 
primitive structures. Hirmer (22) distinguished between several types of 
aphlebiae, some of which he regarded as false aphleboid structures. The false 
aphlebiae may be greatly specialized fronds or modified pinnae, possibly even 
stipular organs. Hirmer seems to have been the first investigator to point out 
the diverse variety of organs which have been classed as aphlebiae without 
regard to their presumed ontogenetic origin. The most recent summary on this 
problem is the brief notice by Browne (11) in which she accepts Hirmer’s 
views in general. 


The name aphlebia means literally “without vein” and was originally used 
in a generic sense by C. Presl. Later Solms-Laubach (52) used the same term 
in a descriptive sense for vatious anomalous pinnae which occurred on the 
raches of various fossil ferns and which occur on a small number of existing 
forms such as Hemitelia capensis R. Br. Altogether there are no less than 
fifty or sixty impression species attributed to the old “genus” A phlebia. Obvi- 
ously these do not represent specific entities whatsozver. Sometimes aphlebiae 
are much bracnhed and, despite the name, are always provided with vascular 
systems. The leaves were generally fleshy and often no midrib or other promi- 
nent veins are visible on the exterior. It is known that numerous aphlebiae of 
the A. cristata form belong to Pecopteris but that the large rounded forms 
belong rather to Neuropteris. Aphleboid structures are always associated with 
some other frond type. The deeply incised aphlebiae borne on Mariopteris are 
well known and have been adequately figured especially in restorations by 
Bertrand. 

Sahni (46, 47, 48) has been able to draw restorations of at least two of 
the Coenopterid ferns. He has shown that Zygopteris primaria attained tree 
size and that this plant bore petioles of the Etapteris type and that the stem 
possessed Botrychioxylon structure. He suggested that neither of these latter 
genera would have been founded had fairly complete specimens of the species 
been known earlier. Another plant which must have attained considerable size 
was Clepsydropsis australis Sahni. In a later paper (46) Sahni renamed this 
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species Austroclepsis and came to the conclusion that the mode of branching 
was anomalous, and that this form can not be regarded with certainty as a true 
member of the Zygopterideae, although it is undoubtedly a Coenopterid fern. 
Both of these plants bear the leaf trace sequence with the corresponding organs 
as known in Ankyropteris, especially Ankyropteris grayi. Also the history of 
all of these genera is exceedingly interesting. 


Cotta and Corda obtained many, if not most, of the excellent specimens 
which have been found in the Permian of Saxony. The various specimens were 
cut, and by exchange and purchase many of the pieces of the originals became 
scattered in many museums of Europe and America. At least seven of Cotta’s 
specimens, or, more accurately, pieces of Cotta’s specimens, were purchased 


for Harvard University by Agassiz, in 1866. 


One of the important contributions of Sahni’s studies which took him to 
all of the great museums of Europe, grew out of his uncanny ability to visual. 
ize the forms of missing scattered specimens which had been cut from the 
original blocks known to Cotta. As indicated above, in some cases as many as 
three “genera” have been shown to be merely portions of the same type of axis. 


Williamson realized the complex nature of these peculiar ferns which, 
since they possessed many appendages and seemingly adventitious organs, 
were unlike any ferns we now know. It was nearly impossible to recognize’ 
clear-cut genera based solely upon transverse sections of the petioles. To a 
considerable extent this attitude has been replaced by the opinion of Bertrand 
and more recently of Corsin, who believe that the development of the stele 
and the axis, in general, conforms to a series of modifications of a common 
“type” or principle now sufficiently well known to require only a good trans- 
verse section through an axis for the determination of at least generic identity. 
The most objectionable feature of this interpretation is its assumption that the 
smaller petioles more or less reproduce in miniature the structures observed in 
the larger portion of the axis and that a developmental interpretation is unnec- 
essary. It is, of course, practically impossible to describe these fossils from an 
ontogenetic point of view. In the first place we do not have the fronds, the 
laminae or the more terminal portions cf the plants except in a few rare, and 
oftimes disputed, cases. Thus it is impossible to recognize in any of these 
structures the derivatives from growing points in any orderly sequence. This 
rigid interpretation of Bertrand does not admit, nor is it reconcilable with, the 
newer knowledge based on more complete specimens than were known to him 
in 1909. In his more recent papers (1931, 1933, 1935) he departs from some 
of the opinions held in the earlier formulation of his theory on the interrela- 
tionship of the Inversicatenales. These changes pertain, however, to the earlier 
members of the group and their relation to Cladoxylon rather than to the 
fundamental assumptions of his interpretation. 

No close relationships based on morphologic grounds linking the Coenop- 
terids with existing families, have been recognized, although the Osmundaceae 
seem to have a few sporogenic features in common with them. The lamina of 
the Zygopterid leaf was most likely borne in a horizontal position with the 
segments, whatever their nature, borne in the same plane as in modern ferns. 
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A slightly different interpretation of the exposed body of the Botryopterid 
ferns was originally proposed by Bower in 1884 but which may be dismissed 
as having been proposed before most of our knowledge of these primitive 
plants had been gathered. Bancroft (2) as a result of a study of Botryopteris 
cylindrica, revived Bower’s opinion. From a study of stem-branching and leaf- 
production it was suggested that the stem and leaf are homologous branches 
from a primitively undifferentiated and dichotomous system. In general this 
interpretation has been held by Lignier, Potonié, Hallier, Bertrand and Tan- 
sley. It is interesting to note that this opinion preceded the discovery of the 
Rhynie plants and the dichotomous nature of the bodies of most Devonian 
plants. In Botryopteris cylindrica the dichotomous branching of stem and leaf 
ate similar in origin and this would be the chief argument in support of the 
theory. Within recent years Zimmerman (59, 60) has placed great weight on 
the undifferentiated nature of the Devonian plant body and has expressed his 
views in the so-called telome theory. This theory holds that the plant body is 
a simple axis, branched dichotomously, devoid of appendages, and bearing on 
its terminal portions simple isosporous sporangia. Every dichotomous tip is 
potentially fertile. The “telome” is merely a term which designates each divi- 
sion of the axis. Zimmerman originally defined it as a distal sporangium on a 
short stalk which contained a vascular supply. Later Zimmerman distinguished 
between fertile and sterile telomes, the sterile being called phylloids. It has 
been suggested that the term is quite inappropriate and misleading because it 
is completely unnatural, that is to say, artificial (Schoute in 55, p. 26) 
Schoute bases his criticism upon the fact that the telome is not a “part” of 
the plant but merely a name for a segment of the axis and on philosophica! 
grounds has no more value than any other concept pertaining to the “parts” 
of the plant body. One might well exaggerate che faults of the theory and 
overlook the usefulness of such a non-committal designation. Certainly the 
significance of dichotomy, equal or unequal, among primitive vascular plants 
has been shown to be of such wide extent that some new term must be used 
to homologize those structures which, because of their lack of elaboration 
otherwise cannot be correlated immediately. Very recently typical equa! 
dichotomy has been observed very unexpectedly in “highly evolved” Paleozoic 
plants. Florin has shown that the female strobilus, both in the Cordaitales and 
in the Coniferae (Voltziales) can be interpreted on the basis of the telome 
theory and that the fertile Sc ales (i. e. the so-called Ov uliferous sc ales) a re in 
themselves dichotomous. Arnold has discovered early Lepidodendrids bearing 
leaves which are dichotomously branched. Elsewhere I have described (16) ¢ 
tructification of a large Botryopteris in which the sporangia are clustered in a 
terminal aggregate which is really a single division of the axis, a primary rachis 
which bifurcates twice and above these two divisions, each limb branches by 
unequal dichotomy, resulting in a monopodial system (Fig. 29). A superficial 
tesemblance suggests a fairly similar condition among the Ophioglossales. It 
has been known for many years that the Sphenopsid strobilus is essentially 
based on a dichotomous plan. It is also apparent now that much of the branch 
ing in the Zygopterid ferns is based on dichotomy 


If one traces the various phyletic lines into the Devonian the several 
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major divisions of the vascular plants all have the body plan based on a strictly 
dichotomous system (59, 60, 9). 


The fern alliance is supposed to have had its origin in the Psilopsid 
complex in which a group approaching megaphylly and bearing clusters of 
terminal sporangia acquired foliar organs by a process of cladification. Although 
there is a great deal of evidence which supports this view the actual number 
of specimens showing critical structures is small indeed. Among the more 
striking are the little known plants Barinophyton and Pectinophyton. These 
plants possibly approach the Pteropsid line. Most important of all, however, 
is the interesting genus Protopteridium with a number of species, some of 
which were originally included in Milleria (now a synonym of Protopteridi- 
um). In any consideration of the earliest ferns some attention must be given 
the supposed primitiveness of Stauropteris, which has been considered both as 
morphologically simple, and as secondarily reduced. Zimmerman, for instance, 
is of the opinion that there is scarcely any fundamental differentiation in the 
vegetative organs and that it is a dichotomous body built on a purely alternat- 
ing system of dichotomous branching ultimately monopodial on the smaller 
extremities. Bower (9) also accepts Stauropteris as simple, actually the most 
simple of all the known fossil ferns, more nearly approaching the Devonian 
level of attainment than any other plant. Various other workers, notably 
Bertrand and Sahni, regard Stauropteris as a secondarily simplified structure 
in which the apparent dichotomous system is really a doubling and the petiolar 
bundle, strictly speaking, is bipolar. Since Stauropteris appears no sooner 
chronologically than the forms from which it is supposed to be derived accord- 
ing to the latter view, no support on the basis of the paleontological record 
can be found, and the whole problem depends on the evaluation of criteria. 
It seems to me that the evidence supports the view that it is really primitive 
and simple, and that its foliar system is very incompletely known. In the Iowa 
coal balls Stauropteris is exceedingly scarce. Only three specimens are known 
and all of these contain a few larger petioles surrounded by many smaller ones 
obviously representing the successive limbs of repeated dichotomies. It has been 
suggested that Botryopteris shows a certain similarity to Stauropteris but that 
the leaf and axis are “shanks of an unequal dichotomy.” In these words Browne 
(11) related Botryopteris to the various other members of the Coenopterid ferns 
but she is unwilling to homologize the whole plant on such meagre evidence. 


The leaf trace of the primitive ferns was a simple monarch strand composed 
of the elements as found in Stauropteris and Botryopteris. There is evidence 
indicating that some speci2 Ss of Botryopteris bore fronds with well- developed 
pinnules, and that the leaf was at least tripinnatifid. 


In 1933 Kraentzel published a careful study of a new species of Botryop- 
teris especially notable because leaves, roots, and stcm were preserved (32). 
This form, Botryopteris mucilaginosa, was a much branched axis bearing a 
number of adventitious branches. The “stem” measured from 6 to 7 mm. in 
diameter. I am inclined to interpret this structure as a secondary petiole. The 
cylindrical stele is composed of homo~cnecus xylem and with the protoxylem 
in a central position. The cortex is differentiated into three zones, the -niddle 
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of which is sclerified. Each branch is frequently dichotomized. The various 
petioles depart with a phyllotaxy of 2/; and the foliar trace as viewed in trans- 
verse section, has three protoxylem points. The adventitious roots are similar 
to those found in all of the other Botryopterids. The most interesting feature 
of this plant is the association of leaves with the stems and while it must be 
emphasized that they are not found in attachment there is little doubt that 
hey belong to the same species. This pinnule form, in longitudinal section, 
is identical in construction with the pinnules of Neuropteris rarinervis which, 
as noted before, has been found in organic union with a Botryopteris. Botryop- 
teris mucilaginosa shows definite relationships in the structure of vascular 
bundles and in the adventitious roots with the Marattiaceae and suggests the 
possible origin of this family from the Coenopterid complex. The size of this 
plant is unknown, because the specimen which measures about 8 cm. in length 
is but a small portion of the whole plant. Presumably one can say the whole 
body was much larger. There is reascn to believe that the Botryopterids 
attained considerable size and judging from a number of specimens which have 
passed through my hands I suggest that they possessed fronds which attained 
a length of 3 to 4 feet, possibly more. 


One difficulty in the interpretation of these ferns is the incompleteness of 
the specimens which are preserved. Since they represent but small pieces, even 
the largest of the coal balls, would include only fragments of a single individ- 
ual and the number of large coal balls which are cut and studied is insignifi- 
cantly small because of mechanical difficulties involved in sawing. Until elabor- 
ate grinding equipment is available in paleobotanical laboratories so that 
nodules with a diameter of three or more feet can be sawn, little direct evidence 
concerning the entire plant can be obtained. 


Summary 


1. Ten species of Coenopterid ferns belonging to five genera have been 
found in Iowa, Kansas and Illinois. 


2. Of these species, two are described as new: Stauropteris americana, 
preserved to a remarkable degree and possessing foliage, and Botryopteris 
radiata related to B. fraiponti Leclercq. 


3. The leaf of the Coenopterid fern is interpreted as a true frond and the 
axis of the frond is called the primary petiole. The main branch from this is 
called the secondary petiole and is regarded as the main rib of a pinna. The 
tertiary petioles are assumed to be homologous with the rib of the pinnule. In 
general the secondary petioles repeat the stelar construction of the primary 
petiole although this is not always the case. Frequently the tertiary petioles 
show a simpler construction than the secondary petioles. This opinion is essen- 
tially that previously supported by Sahni and Zimmermann. 


4. Confirmation of the opinion held by Kidston, originally suggested by 
Williamson and tentatively accepted by Scott, that petioles of the Etapteris 
diupsilon type were borne by Ankyropte ris grayi and that this plant also bore 
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petioles of the Anachoropteris decaisnei type as suggested by Posthumus and 
previously intimated by Williamson. 


5. Confirmation of the opinion held by Corsin that Anachoropteris clavata 
is a secondary petiole of Anachoropteris involuta. 


6. Evidence in support of the view that Stauropteris is a simple and rela- 
tively undifferentiated type because the leaves are but slightly expanded, simple 


segments. 


7. Considerable evidence supporting the opinion advanced by Sahni that 
most, if not all, of the Coenopterid ferns were relatively large plants. This is 
particularly true of Ankyropteris grayi and Botryopteris americana. 


8. That a considerable degree of variation is exhibited within a single group 
of related individuals and that this degree of variability necessitates a liberali- 
zation of our specific descriptions. 


9. The evidence concerning the interpretation of aphlebiae is reviewed but 
the problem remains unsolved. Although the name aphlebia means “without 
vein” they are always provided with vascular tissues. 


10. The Coenopterid ferns are accepted provisionally as a more or less 
natural group, not intimately related to any group of existing ferns. The group 
is regarded as essentially synonymous with the Primofilices and with the Inver- 


sicatenales. 
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Piate |: Fig. 1, Botryopteris americana Graham, a transverse section through an 
axis showing two secondary petioles, a of a third to the upper left and an adven- 
titious root on the lower right. x5. Fig. 2, Botryopteris sp., probably B. renaulti. 5. 
Fig. 3, Botryopteris americana Graham, a " typical petiole showing a small stele and a 
larger outer cortex. The dense black tissue surrounding the xylem is a crushed phloem. 
x5. Fig. 4, Botryopteris sp., this small petiole shows the branching of an aerial root. The 
stele is solid and cannot be referred to any of the species based on secondary petioles. 
x5. Fig. 5, Botrvopteris renaulti Bertrand and Cornaille, a secondary petiole showing the 
small patch of xylem which in transverse section appears as an isolated mass. <5. Fig. 6 
Botryopteris tridentata Felix, a secondary petiole. <5. Fig. 7, Botryopteris radiata 
Darrah, a secondary petiole showing the peripheral placement of the protoxylem and 
the heavily sclerified inner cortex. <5. Fig. 8, Botrvopteris radiata Darrah, similar to the 
last. X10. Fig. 9, Etapteris diupsilon Williamson, Cut slightly obliquely. x5. 
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Pirate 2: Fig. 10, Stauropteris, habit sketch of a portion of the body indicating the 
dichotomous branching, the supposed foliage and the large aphlebiae which subtend the 
penultimate branches. After Zimmermann, Fig. 11, Botryopteris, diagram of a portion of 
the aerial axis showing five petioles and several adventitious roots. About natural size. 
Compare this with Fig. 1. Fig. 12, Stauropteris oldhamia Binney, a diagram of the xylem 
core indicating the shape of the stele and the mode of branching. Redrawn from 
Zimmermann. 
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Piate 3: Fig. 13, Botryopteris americana Graham, a diagram of the xylem core of 
a small portion of a petiole giving rise to a secondary peiiole. Note the apparent anoma- 
lous position of the branch which arises from a small patch of tissue places as a loop at 
the widest portion of the stele. Compare with Fig. 24. Fig. 14, Restoration of a portion 
of the stem and aerial shoot of a typical Coenopterid fern. The heavy black tissues in 
the center are true stems or primary branches of the stem. The white are primary 
petioles, i.e. to say the ribs of the large fronds. Redrawn from Sahni. 
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Pate 4: Fig. 15. Stauropteris americana Darrah, showing dichotomy and a number 
of isolated segments, some of which are attached. At the bottom center the xylem of the 
stele is evident. In the upper left corner the leafy segments include indications of the 
vascular system. X10. Fig. 16. Etapteris scotti Bertrand, x10. 
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Prate 5: Fig. 17, Anachoropteris involuta Hoskins, a well preserved petiole showing 
the involute nature of the xylem, the rather homogeneous cortex and the protoxylem 
along the bar at the bottom of the stele. 5. Compare his with Figs. 24 and 27. Fig. 18, 
Anachoropteris involuta Hoskins, a secondary petiole of the Anachoropteris clavata 
type. Compare with Fig. 24. *5. Fig. 19, Anachoropteris involuta Hoskins, another 
petiole showing a somewhat different shape of the stele. The cortex is crushed. <3. Fig. 
20, Stauropteris americana Darrah, a larger portion of the type specimen than shown in 
Fig. 15 giving a representation of the dichctomcus branching and the many segments 
borne on these petioles. Near the arrow on the right there is a subtending bract which is 
homologous with the aphleboid organ indicated in Fig. 10. *5. 
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gments Piate 6: Fig. 21, Ankvropteris grayi Williamson, a stem showing, on the lelt, a 
rich is branch and lying adjacent between the stem and branch, a petiole having the structure 
of Anachoropteris decaisnei. The small protuberances along the periphery of the cortex 
are aphleboid in nature. X95. Fig 22 Etapteris scotti Bertrand. a petiole showing two 
aphlebia traces at the right. *5. Fig. 23. Etapteris diupsilon Williamson, note the ho- 
mogeneous cortex and the protoxylem which lines the outer margins of the ends of the 
stele. X10. This petiolar type belongs to Anhvropleris gravi. 
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Piate 7: Fig. 24. Anachoropteris involuia Hoskins, a diagram of the xylem show- 
ing the primary and secondary petioles and indicating the mode of branching. Modified 
from Corsin. Fig. 25. Etapteris scotti Bertrand, a diagram of the xylem core indicating 
the origin of the appendages of the stele. Redrawn from Posthumus. Fig. 26. Etapteris 
bertrandi Scott, a diagram of the xylem core. Redrawn from Posthumus. There is every 
reason to believe that this form is nothing more than a more terminal portion of the body 
previously known as Etapteris scotti. 
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Piate 8: Fig. 27. Anachoropteris involuta Hoskins, a diagram of the stele showing 
the xylem, the metaxylem appears as the large cells in the involute portion of the mass. 
The protoxylem occurs as small patches indicated at the bottom bar of the mass. A 
portion of the primary petiole. Drawn from the specimen on Fig. 17. *20. Fig. 28. 

otrvopleris americana Graham, the xylem core showing position of protoxylem and 
metaxylem. X25. 
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Pate 9: Fig. 29. Botrvopteris globosa Darrah, a portion of a large fructification 
showing the great mass of sporangia filled with minute spores. In the stele at the bottom 
the typical botryopterid structure can be observed. x10. This specimen indicated the fern 
nature of the botryopterid groups. 
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Prate 10: Fig. 30. Botryopteris, a petiole of Myeloxylon structure seen on the left 
in longitudinal view through the cortex and two petioles of Botrvopteris on the right 
somewhat beyond the branch indicated by the projection of tissue from the larger petiole. 
These two Botrvopteris sections were borne on the petiole on the left and have been 


followed in serial section. *3. 
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Pirate Il: Fig. 31. A longitudinal view through a pinna of the same specimen 
shown on Fig. 30. The rib of the pinna is a Botryopteris. The pinnules seen in various 
sections around the rib of the pinna have Neuropteris form and belong to the group N. 
rarinervis. *3, Fig. 32, the same pinna as shown in Fig. 31 in serial section, six peels 
removed. To the right are a cluster of sporangia which have Cyathotrachus structure. *3. 
Fig. 33. Mveloxylon, the same specimen as shown in Fig. 30, eight peels removed, show- 
ing both the longitudinal and diagonal-transverse views of this petiole. x3. 
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Pate 12: Fig. 34. Ankvropteris grayi Williamson, three petioles with typical A. 
gravi structure, the one on the bottom giving rise to a branch by unequal dichotomy. 
Adjacent is a petiole of Etapteris diupsilon. At the middle right is a large petiole show- 
ing remnants of a branch which departed from a stele which was beyond the specimen 
so far as preserved. At the top right is one petiole with A. gravi structure. All of these 
parts (and more) were imbedded in a mass of cortical rootlet such as occur to the left 
of the several petioles. The whole trunk was a “false stem.” *2. 


a, 
+ * % 
Kin 
west 
he 
~ i 
a 
* 
: ») 34 


Post-Pleistocene Forest Migration as Indicated by 
Sediments from Three Deep Inland Lakes 


J. E. Potzger and Ira T. Wilson 


Regardless of the defects and shortcomings of pollen analysis as an 
ecological method, the authors feel that it represents a much more accurate 
way of reconstructing successions of past vegetations than mere speculation 
about such phenomena in a given region. The chief sources of sediments used 
for analysis are peats from our numerous bogs north of the IIlinoian glaciation 
limits. More recently pollen workers have also collected and examined sedi- 
ments from existing lakes. While these may not disclose anything new on 
early succession of vegetation, they certainly present a complete spectrum 
up to the most recent times. Houdek (1935) pointed out that lake sedi- 
ments could yield valuable records on vegetational developments in a given 
region, and described an instrument to make borings in such sediments. 
Last year Deevey (1939) presented data on pollen records from sedi- 
ments of several lakes and ponds in Connecticut. All of the lakes investi- 
gated to date were shallow, and the manner of collecting samples from sedi- 
ments leaves some doubt as to whether or not a complete profile was obtained, 
for the type of borers used limited collecting to sediments comparatively 
free of sand. This would at times eliminate many feet of sediments, espe- 
cially in locations where sandy soils constitute the land along the shore. The 
present work shows that as many as twenty-three feet of sediments could, 
thus, be eliminated from the spectrum. Complete profiles are, however, highly 
essential if we hope to obtain a reasonably complete picture of the vegetational 
changes in a given region. 

Borings in deep lakes are not so easily carried out as in bogs, especially 
when great depths are involved, as in the lakes included in this study. Yet 
they are not too difficult and certainly justifiable if critical information is 
obtained. The necessary equipment (described later) can be supplied for about 
$150.00 but its operation requires three persons. 

The lakes investigated represent a south-north belt of about 85 miles 
extending from northern Indiana into southeastern Michigan. Included were 
Winona Lake, with eighty feet of water and thirty-three feet of sediments; 
Tippecanoe Lake, with 123 feet of water and fifty nine feet of sediments; and 
Third Sister Lake near Ann Arbor, Michigan, with 60.7 feet of water and 
thirty-three feet of sediments. While the distance between these lakes is only 
eighty-five miles, the Indiana lakes were very likely influenced for a shorter 
period of time by water from melting glaciers than the Michigan lake because 
the Wabash and Kankakee rivets, two westward flowing drainage channels, 
carried the cold melt water away from Indiana soil. 

The boring operations were carried out by Wilson with the assistance of 
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two helpers, whereas the pollen analysis and interpretation of the pollen 
spectra were made by Potzger. Borings were made in every case near or at the 
deepest points and included all sediments to the original bottom of the lake 
as indicated by unwashed gravel. Much credit for successfully carrying out 
the borings is due to Messrs. David Opdyke, Donald Wohlschlag, and Robert 
Wilson. The authors are also indebted to Robert Heaver for the chemical 
analysis of the samples from Winona Lake and to Harold Wagner for the 
analyses of sediments from Tippecanoe and Third Sister Lakes, both of whom 
were reimbursed for their labor from N-Y.A. funds. 


Special acknowledgment is due the Division of Fish and Game of the 
Conservation Department of Indiana for financing the field work, and to 
Indiana University Biological Station for the use of their facilities during the 
progress of the boring work. The raft and equipment were bought with funds 
granted for this purpose by the Indiana Academy of Science. For all these 
aids grateful acknowledgment is made. 


Geographical Location and Characteristics of Lakes 


All three lakes are of the kettle hole type, and are of glacial origin, lying 
within the borders of Late Wisconsin glaciation. 


WINONA LAKE 


Winona Lake is located at the edge of the city of Warsaw, Kosciusko 
county, Indiana. It lies on the western borders of the interlobate moraine 
which formed between the Huron-Erie and Saginaw lobes of the Wisconsin 
ice sheet. The lake has an area of 503 acres and its maximum depth of water 
is eighty feet. It has two inlets and one outlet. Extensive borings by Wilson 
(1936) showed that 43.6 % of the original basin is filled with sediment. The 
sediment averages 14.92 feet in depth. On August 12, 1912, Scott (1916) 
reported for a liter of water 1.87 cc oxygen, 8.09 cc free carbon dioxide, 
35.39 cc carbon dioxide as carbonate and 35.39 cc carbon dioxide as bicar- 
bonate. The temperature at the 23 meter level was 8.3° C. The temperature 
dropped from 20.5° C at six meters to 9.1° C at fifteen meters, indicating a 
well established thermocline. 


TIPPECANOE LAKE 


This lake is approximately ten miles northeast of Winona Lake in Koscius- 
ko county, Indiana, on the border of the New Paris moraine near its junction 
with the interlobate moraine mentioned above. It has an area of 707 acres, 
its maximum depth of water is 123 feet, and it has two inlets and one outlet. 
The original basin is filled 31.9% with sediment which averages 13.96 feet in 
depth. On August 12, 1912 (Scott) 1916 found that a liter of water at a 
depth of 32 meters contained .41 cc of oxygen, 6.57 cc of free carbon dioxide, 
34.13 cc carbon dioxide as normal carbonate. The temperature at 32 meters 
was 5.30 C. The thermocline was well developed as shown by a drop from 
21.1° C at six meters to 8.5° C. at fifteen meters. 
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TuirD SISTER LAKE 


Third Sister Lake is located about three miles west of Ann Arbor, Michi- 
gan, Washtenaw county, on the northern limb of the Fort Wayne moraine 
of the Huron-Erie lobe. Eggleton (1931) states its area as 38,500 square 
meters (9.5 acres), and its maximum depth as 18.5 meters (60.7 feet). It has 
an intermittent inlet and outlet. 54.87% of its original basin is filled with 
sediment that averages 17 feet in depth. Eggleton (1931) reported for October 
11, 1927, at a level of 17 meters, a temperature of 7.2° C, pH 6.8, no oxygen, 
18 ppm free carbon dioxide, a methyl orange alkalinity of 120 ppm, and a 
thermocline from seven to ten meters. 


These data from the three lakes indicate that the deep portions would 
make unusually fine repositories for organic matter in general and of pollen 
in particular. The lack of oxygen, high concentration of carbon dioxide, acid 
or near acid condition, and the low temperatures are all favorable to their 
preservation. This, together with the fact that the centers of the lakes undoubt- 
edly receive annual increments of very finely divided sediment from the begin- 
ning of their existence to the time of their extinction, and that here minimum 
of disturbance by organisms or erosion takes place, makes it almost certain 
that pollen spectra from such sediments will be complete presenting the 
whole story of vegetational succession from its beginning to the very present. 


Methods of Boring and Sampling 


The technique used in securing the samples of sediment is essentially that 
described previously for making borings in deep water (Wilson, 1936). A 
raft on which a derrick is built (Fig. 1) is anchored with four heavy cement 
blocks (one of these is shown on the deck of the raft) at the place where the 
boring is to be made. A 11!/4-inch iron pipe (casing) is lowered to the level 
at which a sample is to be taken. A half-inch pipe (tubing) with a sampler 
(Fig. 2) attached at the bottom is placed inside the casing and at the top is 
connected by a garden hose to a double action hand force pump. Water is 
then forced down the tubing which dislodges the sediment within the casing. 
This process is continued until the casing is thoroughly cleaned to the very 
bottom. If the sampler at the bottom of the tubing gets clogged, the pump 
stalls. This makes it easy to ascertain that the sampler is clean before an 
attempt is made to secure a sample, since no attempt is made to get one 
until the water flows freely, thereby washing the sampler clean of any contami- 
nation. Ordinarily the washings return to the surface between the two pipes 
and overflow at the top of the casing. Next, the sampler (Fig. 2) is driven 
into the undisturbed sediment below the casing. The sample is brought to the 
surface and expelled into a fruit jar and then hermetically sealed. Samples 
are taken in one-foot increments, experience having shown that that is the 
best all around working distance to avoid complications. The casing is lowered 
one foot between the recovery of each sample. 


When desirable, a glass tube which fits snugly can be inserted into the 
sampler to receive the sample. The glass tube containing the sample is removed 
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after each operation and corked at boih ends. When the corked ends are 
made air tight by dipping them into paraffin a nearly complete core (except 
for slight losses between samples) perfectly preserved, is secured and can be 
cattied conveniently to the laboratory for later examination. Stratification due 
to annual increments if present can be identified in such preserved cores. The 
samples from Third Sister Lake were taken in this manner. 


Because the bottom of the sampler has no closing device, the success of 
bringing a sample to the surface depends on preventing the development of 
any hydrostatic pressure above the sample when raising the tubing (on the 
bottom of which the sampler is attached) above the water surface to uncouple 
the sections. Since the tubing is used in 20-foot lengths, the hydrostatic 
pressure developed is sufficient to push any except very hard and dry materials 
out of the sampler. This eventuality has been avoided by the development 
of a valve (Fig. 2) which is forced open by the high water pressure when the 
pump is working, thus permitting free flow through the sampler during the 
washing activity described above, but closing automatically when the pumping 
stops. This valve is held in the closed position by a spring strong enough to 


Fig. 1. The raft with a derrick rigged up, ready for drilling. Between the two young 
men in the center the 1!4-inch casing is projecting about two feet above the floor of the 
raft. The young men are holding the half-inch tubing with wrenches. Note rubber tubing 
attached to the force pump. Six sections of idle casing and tubing can be seen with their 
upper ends projecting through the apex of the derrick. A chain hoist is suspended from 
the derrick at the right of center. A windlass for raising anchors projects from between 
the uprights at the left. One of the cement anchors shows in the foreground. 
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Fig. 2. Drawings showing the valve and upper end of the sampler. The valve plunger 
is shown closed at the left and the holes to permit water to escape as the sample comes 
up into the sampler are open (arrows indicate path of water.) At the right the valve is 
shown open but the holes are closed by the sleeve (bottom part of the plunger) thus 
forcing all the water out at the bottom end of the sampler (note arrows). The spring 
which pulls the plunger and sleeve up into the cylinder of the valve is prominent. Plunger 
of valve and sleeve are made of rubber to prevent sand from “freezing” the sampler. 
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support the column of water in the 20 foot sections of tubing while they are 
being raised and uncoupled. It is obvious that the valve is closed when the 
sample is being taken. This necessitates having holes for the escape of water 
between the sampler and valve, otherwise the sample could not enter the 
sampler. Figure 2 shows such holes in a short section of half-inch tubing 
between the valve and sampler. However, the holes must be closed while the 
pumping operation is taking place, otherwise considerable water would escape 
through them. This would remove the assurance that the sampler was being 
washed clean indicated by the stalling of the pump described above; also, it 
would deflect water from the bottom of the sampler where it does the most 
good in removing debris from the casing. The difficulty has been overcome by 
having the bottom portion of the plunger of the valve ' red out to form a 
sleeve which is itself perforated by holes; this sleeve is forced down the short 
piece of tubing containing the first mentioned holes, closing them when the 
water is being pumped through the tubing (Fig. 2). This valve works so well 
that in soft sediment in shallow water or on land, the casing (referred to 
above) can be abandoned, in which case the sampler rapidly washes away for 
itself to the desired level for recovering a sample. In hard sediment in shallow 
and deep water the casing acts as a guide so that the same hole can be worked 
repeatedly; also, it provides a stiff cylinder inside of which the tubing is kept 
from buckling when the sampler is being pushed or driven into the sediment. 


The raft with the derrick and wings folded can be loaded onto a trailer 
and easily transported to another locality. The outfit can be used in water as 
well as on land in which case water for washing can be supplied from a barrel 


and used repeatedly. 


This method yields an undisturbed solid sample from a known depth. 
and is preferable to other methods because the possibility of contamination of 
the sample is eliminated, its use is not confined to operation in organic sedi- 
ment, and nearly complete cores can be obtained irrespective of depth of 
water and sediments. 


Nature of the Sediments 
WINONA LAKE 


Boring was begun near the center of the lake in 75 feet of water. After 
eleven feet of samples had been collected, the raft drifted a considerable distance 
during a heavy windstorm, and on being re-anchored near the original place of 
operation, the water was found to be eighty feet in depth. Borings were contin- 
ued from the 11-foot level to the original lake bottom at this point. The depth 
of sediment totalled 33 feet. This is not the deepest accumulation in Winona 
Lake, but since this boring was near the center and deepest part of the lake 
it probably presents a complete profile. 


The sediment is a black, pasty ooze with gray streaks at the 1-2, 23-28 
30-33 foot-levels. These gray streaks no doubt represent greater oxidation of 
the organic matter than where the sediments are black. This is suggested by 
the fact that the black sediment turns brown when exposed to air for a few 
moments and gray with longer exposure. The sediments increase in compact- 
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ness and decrease in water content with increasing depth. At the one- to two- 
foot level a sample consisted of 50 percent water, while at the 31- to 32-foot 
level it maintained only 30 percent water. In Table 1 are shown the chemical 
analyses of dried samples of the sediments from the three lakes. 


TIPPECANOE LAKE 


The boring in this lake was made near the deepest part, which is somewhat 
west of the center, in 119 feet of water, sediment totalled 59 feet. As a whole 
the sediment is very similar to that of Winona lake, but there was a larger 
number of gray streaks. Also, from the 45-foot level downward there was an 
increasing proportion of sand until the bottom levels consisted almost of pure 
sand, except for one dark streak of malleable material at the 53-foot level. 

The proportions of water present in the sediment was much higher than in 
that from Winona Lake. Sediment from the surface had 83.6 percent water 
and at the 34-foot level 36 percent, while a coarse sand stratum at the 50-foot 
level had only 3.2 percent water. There was considerable fluctuation in the 
percent of water in the sediment from various levels; a feature which was more 
striking here than at Winona Lake. 


TuirpD SISTER LAKE 


Boring was made near the center, in 58 feet of water. This was not the 
deepest place but no doubt shows as complete a spectrum as the deepest 60 
foot location. Samples were taken from 33 foot-levels. A log of this core of 
sediments is as follows: Alternating layers of clay (evidently washed in from 
the drainage basin) and organic matter, four feet; peat, eighteen feet; alter- 
nating layers of peat and marl, eight feet; fine sand, seven feet; sandy marl. 
one foot. Eggleton (1939) gave a description of the alternating layers of 
clay and organic matter near the surface and showed each double layer (one 
clay and one organic) to be an annual deposit. He gave an analysis of a dried 
mixture of the surface layer which is as follows; 92.1 percent non-volatile 
matter, 7.9 percent volatile matter. 


Tasie 1.—Chemical analysis of sediments from Winona, Tippecanoe, and Third 
Sister Lakes. Figures represent percent. 
Winona Tippecanoe Third Sister 
Sur- | 23-25 | 32-33 | Sur- | 34-35'47-48 | Sur- | 25 Bot- 


Chemicals face Foot level face Foot level face | F.L. tom 


Carbonates 59.9 | 78.7 | 39.5 | 48.5 | 78.4 | 163 4 4.2 | 242 
Organic 67 | 56] 169! 791! 851 752 | 29.1 3.8 
Silica 33.4 1 173 | 549 | 346] 13.7 | 75.2 | 14.4 | 41.7 | 72.0 
series * * * * * { 10.0 | 25.0 


*R_0., residue was small and is included in the silica percentages. 


Aquatic and Helophytic Vegetation 
WINONA LAKE 


Winona Lake has an abundant aquatic vegetation, chiefly Potamogetons, 
almost along the entire shoreline. These plants extend out a hundred yards or 
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more, depending on the slope of the shore. Similar abundant vegetation is also 
found on two “marl islands,” elevations built up from the floor of the lake by 
an accumulation of marl. Aquatic vegetation is limited to water less than 
twenty feet in depth. In shallower water are dense growths of Scirpus, while 
Myriophyllum, Ceratophyllum and eel grass are associated with aquatic vegeta- 
tion everywhere in the lake. They are especially abundant in canals and in 
protected areas. Chara seems to be selective as to habitat. Near the shore are 
communities of water lilies, pickerel weed and arrowhead. In short, aquatic 
and helophytic vegetation is well established all along the shore of Winona 
Lake. 


TIPPECANOE LAKE 


If Winona Lake is marked by abundant shore and near shore vegetation, 
Tippecanoe Lake is marked by the absence of such vegetation. Dense commun- 
ities of Myriophyllum and Ceratophyllum are found only neaar the two inlets. 
The absence of abundant aquatic vegetation is no doubt partly due to the 
abrupt descent into deep water from a narrow shore bench. However, growth 
of aquatic plants is sparse even in stretches of shallow water. Scirpus commun- 
ities have established themselves on “marl islands” and submerged peninsulas. 


THIRD SISTER LAKE 


The entire shore line of this lake is an almost unbroken consociation of 
water lilies which extends about thirty feet into the lake. 


Methods for Preparing Sediments for Pollen Count 


As a whole, the method used in other bog studies at Butler University was 
employed in the preparation of the material for this contribution. It follows 
closely the procedure recommended by Geisler (1935), i.e., 95 percent alcohol 
was used to separate the sediment, while a 5 percent aqueous solution of 
gentian violet was used for staining and glycerine jelly for mounting. When 
large sand grains interfered with mounting under cover glass, the material was 
covered with a coating of Sirtillac without cover glass. This mounting fluid 
makes a very hard, smooth surface and has a fine refractive index. Two 
hundred pollen grains were counted for each foot-level except in the lower 
levels where only a few genera were represented, and where a hundred pollen 
gtains, or less, gave equally accurate results. All foot-levels not shown in the 
tables and in Figure 3 indicate levels where no samples were taken. 


Sediments from lakes are usually easily prepared for mounting. The 
organic matter is very finely divided and for that reason separates well with 
95 percent alcohol. In bogs the coarse particles of sphagnum and sedge 
remains separate with difficulty and so yield poor mounts. In lake deposits 
sand adds some difficulty to mounting under glass. This problem was solved 
by using the new mounting fluid, Sirtillac, prepared by the Microtechnique 
Shop of Indianapolis. Sirtillac covers the soil samples well, and hardens readily 
into a smooth surface. 


ewhat 
whole 
larger 
as an 
f pure 
|. 
han in 
water 
10-foot 
in the 
more 
Third 
er 
Bot- 
tom 
242 
3.8 
72.0 
+ 


THE AMERICAN MIDLAND NATURALIST 


Results 


In their gross features, the vegetation complex and the successional trends 
are closely in agreement at the three lakes. The succession is from Abies or 
Picea-Abies to Picea-Pinus, to Pinus-Quercus, to Quercus-Acer. There are 
some association variations from the above-mentioned key types, but the 
grouping is around these centers. (Tables 2, 3, 4; Fig. 3). Third Sister Lake 
had the most pronounced Picea-Abies-Pinus association at the beginning of 
deposition. A Picea-Abies and a later Pinus-Quercus dominance at all three 
places occurred. Pinus was very prominent for some time at both Tippecanoe 
and Third Sister Lakes but was less prominent at Winona Lake. The Pinus 
climax persisted much longer in Michigan than in Indiana. At all three places 
the succession reached a Quercus-Acer association, which was maintained at 
Winona and Third Sister Lakes but which reverted to Quercus-mixed lowland 
forest at Tippecanoe Lake. At all three stations Quercus, alone or in associa- 
tion with lowland species, dominated for a long time, at least for a period 
during which half to two-thirds of the total sediment accumulated. However, 
conifers were climax for a much longer period of time in Michigan than in 
Indiana. Acer showed important percentage representation only near the close 
of deposition. Although Picea and Abies declined in a similar manner at all 
three stations, they persisted much longer at Third Sister Lake than at either 
of the two Indiana lakes (Fig. 3). Tsuga was represented in small percentages 
at all three stations, but least at Tippecanoe Lake. It made its appearance with 
or near the Pinus climax. Carya showed little importance at all three places, 


except at Tippecanoe Lake between the nine and seven-foot levels. Larix was a 
consistent component of the forests from the time several feet of sediments 
had accumulated to the last foot-level. The early stages of Quercus dominance 
marked increase in the number of broadleaved genera. Very little fluctuation 
occurs with respect to earlier and later dominants except between Pinus and 
Quercus. This indicates that the climatic changes were progressively constant. 


In the lower levels there is more similarity between Winona and Third 
Sister Lakes than between either of these and Tippecanoe Lake. Tippecanoe 
Lake has more sediment than the others and is noteworthy because of the 
absence of any pollen in the 50- and 48-foot-levels (Fig. 3). Sediments from 
Tippecanoe Lake indicate great sand activity durnig the time the lowest third 
of sedimentation occurred. It appears as if the difference in amount of deposi- 
tion in Tippecanoe and Winona lakes, separated by only ten miles, were due 
to a faster filling in from sandy shores at the Tippecanoe station. The fact 
that Tippecanoe Lake is longer and narrower than Winona Lake and had 
more effective shore erosion than the former no doubt accounts for the prepon- 
derance of sand. If the decline of Picea and Abies is taken as horizon marker. 
the three lakes show a marked similarity in succession, and importance of 
certain genera (Table 5). Certainly, the succession as a whole is the same in 
the three locations (Fig. 3), and the complex of genera in the succession is 
almost identical in the degree of importance. 


From experiences gathered during collecting of sediments, it is certain that 
it would have been impossible to get complete pollen spectra from sediments 
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of the three lakes if borings had been made with instruments customarily used 
in collecting samples from bogs, because their movable sleeves or plungers 
get jammed in sandy deposits. In Third Sister Lake sand was an important 
component of the sediment from the original bottom to the 24.5-foot-level; in 
Tippecanoe Lake to the 36-foot-level. If this range of levels had been elimin- 
ated, most of the spruce-fir period would not have shown in the pollen profile, 
and oak would have appeared prominently from the beginning. 


Discussion 

Published accounts on pollen analyses of sediments from lakes are few. 
The most important is, perhaps that by Deevey (1939) concerning deposits 
from four lakes and ponds in Connecticut. None of these, however, has deep 
water. A decisive factor in such investigations is the equipment mal in taking 
samples. The apparatus suggested by Houdek (1935) would not yield a 
complete profile from such deep or sandy sediments as found in the three 
lakes in question, and sampling at specific horizons would be almost impossible. 
Our apparatus is apparently the only one suitable for taking samples in sandy 
deposits. Yet, the inclusion of levels at which sand is an important constituent 
is necessary to obtain a complete picture of the vegetational succession, because 
their omission would either give later entrants too prominent a place in the 
vegetation complex or introduce them too soon. Omitting sandy deposits in 
the present study would eliminate four foot-levels at Winona Lake, twenity- 
three at Tippecanoe, and 81/, at Third Sister Lake. If pollen records from 
these levels were omitted from the spectrum, oak would be introduced too 
soon and too prominently, and the spruce-fir climax would be reduced marked- 
ly. The same problem is involved in bog investigation, especially in regions 
where sand constitutes much of the fringing land surfaces, and where for that 
reason drift of sand is responsible for much of the early sedimentation. 

The great difference in the amount of sedimentation in Tippecanoe Lake 
(59 feet) as compared with that in Winona Lake (33 feet), indicates a 
striking difference in the speed of accumulation in the two lakes, because 
their geographic location warrants the assumption that both became open 
water surfaces at approximately the same time. That accumulation proceeded 
faster in Tippecanoe Lake than in Winona Lake is also indicated by the two 
foot-levels, fifty and forty-eight, where pollen was absent, and by the sparse 
representation of pollen at levels 56-59, 49, 47 and 46, also by the fact that 
sand was a prominent constituent of the sediment up to the 36-foot level. 
Obviously, during the time the lewest levels of sediment were accumulating 
in Tippecanoe Lake, vegetation was still sparse, and so filling by sand drift 
probably accounts for the relatively poor representation of pollen, i.e., the 
available pollen was distributed through a deeper mass of sedimentation 
during any one season. This faster accumulation at Tippecanoe Lake is also 
indicated by all the beginnings and declines of climaxes shown in the lower 
half of the sediments, thus making foot-level comparisons difficult or impos- 
sible between Tippecanoe and Winona Lakes, even though the geographical 
distance between. them is small (Fig. 3; Tables, 2, 3). Comparisons are best 
between the two lakes when the decline of the Abies-Picea period, and more 
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uniform accumulation of organic matter, are taken as horizon markers (Table 
5). Taking the decline of Abies dominance as horizon marker, the Pinus 
climaxes at the two lakes correlate quite well (Winona Lake 28- and 27-foot 
levels, and Tippecanoe Lake 29 and 28, with a minor peak at the 25-foot 
level). The Quercus-Acer climaxes synchronize very well, but Acer persisted 
longer at Winona Lake. There is, however, always the question whether the 
pollen represents Acer saccharum or the lowland soft maples, A. saccharinum 


Fig. 3. Graphical presentation of pollen spectra. 
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or A. rubrum. In case the latter were represented it would mean an increase 
in wet lowland by erosional processes which today is more prominent at 


Winona than at Tippecanoe Lake. 


Larix is one of the most persistent boreal species, making its appearance 
with or a little ahead of Quercus and continuing to the topmost foot-level of 
deposition in all sediments in Indiana studied to date. It is always represented 
in the low percentage groups and so offers little evidence about its real impor- 
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tance in the forest complex, because its pollen, as has been pointed out repeat- 
edly by pollen workers, does not preserve well when deposited in water. Weaver 
and Clements (1936) say that Larix is a persistent subdominant species of the 
boreal forest of today, extending its range through the Abies-Picea forest to 
the Yukon valley. Records from all three lakes indicate that the genus 
expressed the same characteristics at the southern limits of Wisconsin glacia- 


Tas_e 2.—Pollen Spectrum from Winona Lake, Indiana. 
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Tas_e 3.—Pollen Spectrum from Tippecanoe Lake, Indiana. 
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No samples taken 
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TaB_e 4.—Pollen Spectrum of Third Sister Lake, Michigan. 
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TasBLe 5.—Most prominent associations and foot-levels of their occurrence. 


Foot-Levels 


Associations Tippecanoe Winona Third Sister 
Picea-Abies-Quercus 35-32 29 23-22 
Picea-Abies-Quercus-Larix 3] 29 
Picea-Abies-Pinus-Quercus-Larix -.............-. 30 
Pinus-Quercus-mixed lowland ....... 16-14 
Quercus-mixed lowland 5 13-7 13-9 
Quercus-Larix ~.......... 8 
Quercus-mixed lowland _........... 3 
Quercus-Larix-mixed lowland ...................... 2-0 


tion as it does at the southern limits of the boreal forest of today, following 
the Abies-Picea climax closely in its northward advance. The wide range of 
potentiality of this genus for adjustment to varying habitat factors places 
Larix as dominant in isolated relic areas deep in the deciduous forest, extend- 
ing southward to the seventeen counties of the upper fourth of Indiana 
(Deam, 1932). In the disjunct distribution in the swamps of Michigan. 
Wisconsin, and Minnesota, Larix is frequently associated with Thuja, but 
pollen of Thuja when wet preserves even less well than that of Larix so that 
the pollen spectrum probably never gives the former prominence of this genus 


due weight. 


Betula and Larix are sparsely represented in all three spectra, which seem 
somewhat surprising in view of the fact that these genera are common in all 
wet lowlands. Perhaps they shed their pollen when northern lakes are still 
covered with ice or at least long before there is any circulation between the 
layers in the water, which in either case would result in oxidation of the pollen 
material and prevent their being added to the sediment. 


The pollen spectra from the three lakes indicate a change from a simple 
coniferous forest complex to a deciduous forest made up of many genera, and 
perhaps species, in which Picea, Abies, Pinus, Larix at first occupied a sub- 
dominant position, where Picea ard Abies had disappeared completely before 
the appearance of civilized man in the region, but where Pinus, Larix, and 
Tsuga were and are found as relic colonies in bogs or on rocky cliffs. This 
indicates as Potzger and Friesner (1939) showed that the boreal forest is 
still in the process of retreat northward along its southern jagged fringe. 


While the succession indicated by the records from Third Sister Lake as a 
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whole is very similar in Michigan to that in Indiana at Winona Lake, the 
typical boreal forest persisted three times as long in Michigan than in Indiana, 
extending to a period when half the sediment in the lake had accumulated. 
Pinus, too, was much more prominent in Michigan than in Indiana, and 
showed a much more definite dominance, first as an Abies-Picea-Pinus asso- 
ciation and later as a Pinus-Quercus complex. This is, perhaps, what one 
could expect as the forest migrated northward, away from the fringe of the 
ice sheet, into thicker ice and into higher latitudes, where shorter summer 
seasons retarded the wastage of ice, thus maintaining a longer dominance of 
boreal and lake forest types, and retarding the advance of the deciduous 
species (Fig. 3), for Quercus, Carya, Betula, Ulmus, Salix, Juglans, and 
Tilia all show a retarded entrance into the spectrum when the Michigan lake 
is compared with Winona Lake (Fig. 3). 


Quercus shows a definite decline during the Pinus climax at both Tippe- 
canoe and Third Sister Lakes (Tables 3, 4, 5) but not at Winona Lake 
This difference may be due to local physiographic and edaphic factors rather 
than to climatic change. 


It seems opportune to discuss briefly Tsuga as a climatic indicator, because 
it has frequently been used for that specific purpose. According to Deevey 
(1939), Auer (1933), McCulloch (1939) Tsuga is an indicator of a warm 
and moist type of climate. This view is not supported by the limited records 
it left in Indiana, where it always appears in sediments with the Pinus climax 
or shortly before it, and where it persists at present in more xerophytic habitats 
than Quercus and at Pine Hills in Montgomery County in association with 
Pinus strobus (Friesner-Potzger 1931, 1934, 1936). It also seems strange 
that in Connecticut Tsuga pollen was represented in rather important percent- 
ages, even up to 45 percent, as shown by Deevey (1939), while in Indiana 
bogs and lakes it never rises above 2 percent. This indicates either that Tsuga 
was very sparsely represented in Indiana and in the Third Sister Lake region 
or that its pollen preserves less effectively in Indiana lakes than in Connecticut. 


Pollen spectra are used net only in the interpretation of vegetational 
successions but also serve as indicators of climatic changes. But the authors 
feel that it is perhaps best not to deduce macroclimatic changes from small 
variations of the forest complex. Very likely topography and edaphic changes, 
such as changes induced by weathering agents, were as important in the past 
as they are now for some great differences in the forest canopy. The major 
steps in succession as shown in Table 5 are well marked at all three lakes. 
Variant associations in this general trend are grouped around these key associ- 
ations. Thus, the authors find Quercus-Carya, Quercus-Larix, or Quercus- 
mixed lowland instead of a pure Quercus climax; or an Abies-Picea-Pinus- 
Quercus-Larix instead of Picea-Pinus association as at Tippecanoe Lake 
(Table 5). Instead of the Quercus-Acer association as concluding climax, 
there may be Quercus-Acer-Ulmus as at Third Sister Lake. These small vege- 
tational variations probably do not represent changes in climate but suggest 
multiplication of habitat types due to erosion and filling. However, even in 
the earlier successional stages one finds variations which could be interpreted 
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as representing major types. At Tippecanoe Lake one finds a decisive change 
from Pinus to Quercus at the 27-foot level which is followed at the 25-foot 
level by Pinus-Quercus and this in turn is succeeded by Quercus at the 24-foot 
level. The increase of Pinus from six to 21 percent at the 25-foot level is 
apparently due to some local control and not to a major climatic change. The 
Winona Lake region shows no proncunced Picea-Abies-Pinus climax but, 
instead, Picea and Abies associated with Quercus. Such differences in the 
vegetation complex cannot indicate great climatic differences because the two 
lakes are separated by only a few miles. If che two stations were widely separ- 
ated, one could argue that the climate at Tippecanoe Lake had changed from 
cool-moist to cool-dry, to warm-dry, back to cool as indicated by Abies-Picea 
to Pinus, the climax at the 29- and 28-foot levels, to Quercus at the 26-foot 
level. In view of the well-expressed vegetational changes at the three lakes 
one can assume that the climatic changes were more or less uniform at the 
three locations, i.e., from cool-moist, to cool-dry, to warm-dry, to warm-moist. 
and that the fluctuations between Pinus, and Quercus, and the association of 
the two, were induced by local control. Differences as great as these are char- 
acteristic of the forests in the dissected areas of central-southern Indiana even 
today, as Potzger (1939) and Potzger-Friesner (Ms) have definitely shown. 
North-facing slopes are covered characteristically by Fagus-Acer and south- 
facing slopes by Quercus or Quercus-Carya. These two forest types are here 
separated by only a few hundred feet. Such local controls must be included 
in our interpretations of post-glacial successions, for south-facing slopes in 
the same Indiana region registered 60 percent greater loss of water than north- 
facing slopes and in Marion County (1939) differences of 88 percent in 
water loss between forests at Fort Harrison and those on the Butler campus 
were measured by Potzger (1939). Costello (1939) reports that west-facing 
8 along the Missouri River were typically prairie, while those on east- 
facing slopes, just across the river, were covered with forests. Mere exposure, 
thus, can be the determining factor i In inducing either one or the other of two 
major vegetation types. For this reason it is best not to read too much climatic 
fluctuation into an otherwise well-marked succession from cool-moist, to cool- 
dry, to warm-dry, to warm-moist, as shown by pollen spectra from all three 
of the lakes considered in this study, and to attribute the various combinations 
of the closely related successional climax genera to changes in topography and 
to local microclimatic control. Evidently moisture was not sufhciently abun- 
dant, either because of climatic or edaphic development, in the regions studied 
to permit a beech-maple climax. 


Summary and Conclusions 


1. The paper presents pollen spectra from three deep lakes, viz. Winona, 
Tippecanoe lakes in Indiana, and Third Sister Lake near Ann Arbor, Mich- 
igan. 


2. A new method for making borings in lake sediments is described. 


3. Depth of water and sediments in the lakes is as follows: Winona Lake. 
80 feet of water, 33 feet of sediment; Tippecanoe Lake, 123 feet of water, 59 
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feet of sediment; Third Sister Lake 60.7 feet of water, 33 feet of sediment. 


4. Succession of forests in its gross features was about the same at all 
three locations, i.e., Abies to Picea-Abies, to Picea-Pinus, to Pinus or Pinus- 
Quercus, to Quercus, to Quercus-Acer. 


5. Various modifications of association with the above-named key genera 
are interpreted as normal variations within the same climatic conditions, 
induced by local or microclimate. 


6. Change in climate was apparently without great fluctuations from cool- 
moist, to cool-dry, to warm-dry, to warm-moist. 


7. Pinus displayed a more pronounced and longer dominance at Third 
Sister Lake, Michigan, than at the two Indiana stations. 


8. Abies and Picea persisted as dominant genera for a longer period of 
time at Third Sister Lake than at the Indiana stations. Although the number 
of feet of sediment showing dominance of conifers at Third Sister Lake and 
Tippecanoe Lake is about the same, it is believed that the sediments in the 
lower levels of Tippecanoe represent a shorter time period than at the two 
other lakes because of apparent greater rate of filling by sand. 


9. Greater depth of sediment per se is evidently not a safe criterion to use 
as a time scale. This is indicated by varying percentages of water at different 
levels and by the accumulation of 59 feet of sediment at Tippecanoe Lake 
and only 33 feet at Winona Lake which is only about ten miles north of 
Tippecanoe Lake. 


10. From the decline of the Abies-Picea climax to the topmost layers of 
sedimentation, correlation of forest changes with foot-levels is close at the 
two Indiana lakes. 


11. All changes in climax forest beyond the Abies-Picea period were 
initiated much later at the Michigan lake than at the Indiana lakes. 


12. The instruments used in making the borings insure absolute certainty 
that cores through the sediments penetrated to the original lake bottoms, a 
factor considered very important in the complete analysis of vegetational 
changes. 
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Paleoecology of a Bog in the Spruce-Hemlock 
Climax of the Olympic Peninsula* 


Henry P. Hansen 


The wide range of climate in the Pacific Northwest of America, due to 
the proximity of the Pacific Ocean and variation in altitude, has caused the 
existence of several climax forest associations. In addition the Bunchgrass 
Prairie and Desert Shrub vegetational climaxes cover the dryer areas east of 
the Cascade Mountain Range. The great relief also permits the occurrence 
of numerous life zones in this region. The writer has made pollen studies of 
bogs located within several climax forest associations and life zones, from 
which were interpreted the postglacial forest succession and tentatively the 
climatic trends. This has been done with cognizance of the sources of error 
involved in pollen statistics and interpretations thereof. The bog of this study 
is located within the Spruce-Hemlock climax on the west side of the Olympic 
Peninsula, Washington. It is situated in T. 27 N., R. 13 W. in Jefferson 
County about six miles south of the village of Forks. It lies south of the 
Bogachiel River just west of the Olympic Highway, ten miles from the Pacific 
Ocean at an elevation of less than 500 feet above sea level. A strip along the 
northern and eastern sides of the Olympic Peninsula was glaciated by the 
Pleistocene continental glaciers, while the Olympic Mountains were subjected 
to local mountain glaciation. Between the mountains and the ocean is an 
unglaciated coastal plain from 10 to 20 miles wide and not over 400 feet in 
elevation except in local hilly districts. This plain is covered with glaciofluvial 
deposits from mountain glaciation, but due to postglacial uplift the larger 
streams have incised themselves and removed much of the Pleistocene deposits 
(Fenneman, 1931). 


The peat and other pollen-bearing sediments have been deposited in a 
shallow depression in glaciofluvial deposits and consequently are of postglacial 
origin. A profile of the bog has been published by Rigg (1938). The central 
portion is covered with an ericad associes of Labrador tea (Ledum groenlandi- 
cum), bog laurel (Kalmia polifolia), and cranberry (Vaccinium oxycoccus ). 
and Sphagnum moss. Scattered on the bog with no zonation, grow sedge 
(Carex sp.), false hellebore (Veratrum caudatum), hardhack (Spiraea doug- 
lasu), wild lily-of-the-valley (Mianthemum dilatatum), star flower (Trientalis 
latifolia), Polytrichum juniperinum, and Hypnum sp. On the margin grow 
red alder (Alnus oregona), salal (Gaultheria shallon), skunk cabbage (Lysichi- 
tum americanum), dogwood (Cornus canadensis), bracken fern (Pteridium 
aquilinum), and several species of willow (Salix spp.) Trees present in order 


* Published with the approval of the Monographs Publication Committee, Oregon 
State College, as Research paper No. 43, School of Science, Department of 
Botany. 
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of their apparent invasion are western white pine (Pinus monticola), western 
hemlock (Tsuga heterophylla), western red cedar (Thuja plicata), Sitka spruce 
(Picea sitchensis), and cascara (Rhamnus purshiana). The bog has been 
drained by a series of ditches, and due to the lowering of the water table the 
surface vegetation is assuming a mesophytic character. The area comprises 
some 30 acres. 


Peat samples were obtained with a Hiller sampler at decimeter intervals. 
The depth of the bog in the area of sampling near the center is 2.5 meters. It 
is underlain with a sandy silt which grades into clay at 2.4 meters. Brown 
sedimentary peat with some fiber is present from this level to 1.9 meters 
where it changes into a silty sedimentary peat. At 1.4 meters it consists of 
practically pure silt. This grades into a dark fibrous peat at 1.1 meters, and 
this in turn changes to brown fibrous at 0.8 meters which is present to the 
surface. The silty sediment was examined! for volcanic ash, but none was 
present. The ash, which occurs as a layer or as dispersed crystals in many bogs 
in the Pacific Northwest, is seemingly absent from the Olympic Peninsula 
(Rigg, 1938, Hansen, 1940a). 


Forests IN ADJACENT AREAS 


The bog lies within the Humid Transition Life Zone (Piper, 1906). This 
life zone is forested chiefly with the Hemlock-Cedar climax in which the most 
abundant and characteristic tree is Douglas fir (Pseudotsuga taxifolia). The 
latter is a subclimax species which has been able to persist because of extensive 
periodic fires which interrupted the normal succession toward the climax 
(Munger, 1940). Along the Pacific Ocean in the fog belt, however, there is a 
narrow strip in which Douglas fir plays little part in the forest succession. 
This is the Spruce-Hemlock climax (Jones, 1936). This forest extends from 
the ocean to an altitude of about 1000 feet and may be composed of a high 
percentage of Sitka spruce. Spruce is abundant along the immediate coast, but 
gradually thins out and becomes mixed with other species farther inland. The 
most important of these are western hemlock with some western cedar, Douglas 
fir, western white pine, lodgepole pine (Pinus contorta), western yew (Taxus 
brevifolia), lowland white fir (Abies grandis), and silver fir (A. amabilis). As 
the elevation increases to the east and the Transition gives way to the Canadian 
zone, western white pine, silver fir, and noble fir (Abies nobilis) become more 
abundant. Broadleaf trees of the Spruce-Hemlock climax growing chiefly on 
floodplains include red alder, large-leaf maple (Acer macrophyllum), and 
black cottonwood (Populus trichocarpa). Forest type maps (1936) indicate 
that six forest types exist within a ten mile radius to the bog. At least 75 per 
cent of this area is forested with spruce-hemlock types. Others in order of their 
area ate western cedar, Douglar fir, balsam fir-mountain hemlock, and small 
zones of alder-maple along floodplains of the larger streams. 


The Northwest Coast receives the heaviest annual precipitation in the 
United States. In his classification of the climates of North America, Thorn- 


1 Examined by Dr. H. A. Coombs, Dept. of Geology, Univ. of Wash., Seattle. 
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thwaite (1931) designates most of the Olympic Peninsula as having a wet, 
microthermal climate, with adequate precipitation at all seasons. The mean 
annual precipitation at Forks with an elevation of 375 feet is about 115 inches, 
and the mean annual temperature is 49 degrees. The prevailing winds through- 
out the year are from either the southwest or the northwest. 


METHODS 


In preparation for study, slides were made with the usual potassium hydrate 
method (Hansen, 1940a). One hundred and fifty pollen grains were iden- 
tified from each level. The non-significant pollen was also recorded but 
not used in the computation of percentages (Table 1). Those significant 
species recording 1.5 per cent or less are listed in the table as 1 per cent. The 
procedure employed in identifying fossil pollen has been described in recent 
papers (Hansen, 1940b, 1941a, 1941b), and will not be discussed here in 
detail. Separation of specific pollen of Pinus, Abies, and Picea is based upon 
the size ranges of the cell, which were determined by measurements of modern 
pollen. Most species of each genus show a distinct gradation but with some 
degree of overlap. Fossil pollen falling within the limits of overlap of smaller 
or larger species is discarded as unknown and listed in the table as such. The 
size range of silver fir is within those of the smaller Abies grandis and larger 
A. nobilis. In this paper pollen within the size range of A. grandis is listed 
under this species, although some of it may well be that of A. amabilis. That 
listed as A. nobilis may likewise include some of the silver fir. The pollen of 
Tsuga heterophylla may be separated from that of T. mertensiana by the 
presence of bladders on the latter, although an occasional pollen of mountain 
hemlock may have minute or no bladders at all. 


Forest SUCCESSION 


It does not seem possible to estimate the proportion of postglacial time 
represented by the peat and other pollen-bearing sediments. The bog lies on 
glaciofluvial deposits and therefore must be of postglacial origin, although its 
shallow depth may denote a relatively short period of time. This is further 
suggested by the fact that a wet climate tends to foster a rapid rate of peat 
deposition. The absence of cattail, water lily, pondweed, and other hydro- 
phytic plant pollen is significant in that it marks the absence of the hydrarch 
succession which usually takes place in standing water. Sphagnum moss grows 
abundantly on the damp forest floor in this area, and its occurrence in wet 
depressions may result in the development of thick layers. A subsequent influx 
of other bog plants such as Labrador tea, bog laurel, and cranberry may occur 
to form a bog associes. The absence of woody and Sphagnum peat in the 
lower levels of the bog of this study, as well as the occurrence of sedimentary 
peat and silt, tends to minimize the possibility of such a successional trend. 
The fact that two-thirds of the depth is composed of silt and sedimentary peat, 
indicates that it may represent much of postglacial time because such deposits 
are of slow accumulation. This is exemplified by a peat deposit in northern 
Washington which is only 3.25 meters deep, the lower half being composed 
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chiefly of sedimentary peat (Hansen, 1940b). The pollen profile indicates, 
however, that it records most of the postglacial forest succession in adjacent 
areas. The lack of a volcanic ash layer is unfortunate, because if present the 
recorded forest succession could be correlated chronologically with that of 
other bogs in the Pacific Northwest. 
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Fig. 1. Pollen profiles, Forks Bog. 


The forests as recorded in the earliest pollen-bearing sediments were com- 
posed chiefly of lodgepole pine and western and mountain hemlock. The first 
two record 28 per cent each and the latter 26 per cent in the lowest level (Fig. 
1). Other species represented at this level are western white pine, Sitka spruce, 
and lowland, silver, and noble fir. The low representation of lodgepole pine 
further suggests that some postglacial time had elapsed before the initial 
pollen-bearing sediments were deposited. Other bogs in the Pacific Northwest 
evidently recording most or all of the postglacial period show lodgepole pine 
as being the most abundant tree when the lower strata were laid down 
(Hansen, 1938, 1940a, 1941a). This seems to have been general east of the 
Cascade Range as well as in the Puget Sound region (Hansen, 1939a, 1939b, 
1940b). At Glacier Bay, Alaska, however, lodgepole pine at present apparent- 
ly has a very minor place in pioneer forest invasion of recently deglaciated 
valleys (Cooper, 1939). In this region Sitka spruce, western hemlock, and 
mountain hemlock constitute both the pioneer and climax forest. Likewise in 
southwestern Alaska, near Kodiak, Sitka spruce is the pioneer invader of 
areas that apparently were unforested during the latter part of the Pleistocene 
(Griggs, 1934). It is possible that the present climate in these regions of 
Alaska may be somewhat similar to that which existed when the lower pollen- 
bearing sediments of this study were deposited. 


There are five significant trends in the profiles worthy of consideration. The 
first is the rapid initial increase in western hemlock to 62 per cent followed by 
its sharp decrease to 19 per cent in the succeeding level. Second, mountain 
hemlock increases precipitately from 14 per cent at 2 meters to 54 per cent at 
1.6 meters, then decreasing to none in the upper three horizons. Third, this is 
followed by a sharp increase in lodgepole pine from none at 2 meters to 49 
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per cent at 1.4 meters. It likewise declines with a steep gradient to low propor- 
tions in the balance of the profile. Fourth, the profile of Sitka spruce somewhat 
parallels that of western hemlock, reaching its maximum of 29 per cent at 0.8 
meters and then declining to the surface. Fifth, the maxima successively 
attained by western hemlock, mountain hemlock, and lodgepole pine are 
followed by an abrupt increase in western hemlock to 82 per cent at 0.4 meters. 
This is the greatest proportion attained by a significant species in any bog in 
the Pacific Northwest thus far analyzed. Its percentages of 76 and 80 at 0.2 
meter and the surface respectively mark its predominance in recent time. Sitka 
spruce apparently is unable to compete with western hemlock in this region, 
and consequently has been the minor associate in the Spruce-Hemlock climax. 
Pollen analysis of a bog near New Westminster, British Columbia, and about 
15 miles from the ocean, shows that Sitka spruce was predominant for a brief 
period during postglacial forest succession (Hansen, 1940a). At present this 
area is forested with the Hemlock-Cedar climax, with Douglas fir and western 
hemlock being the chief dominants. 


Douglas fir pollen first appears at 1.4 meters, is absent from the next level, 
and is then sparsely represented to the surface (Fig. 1). Its highest proportion 
of 6 per cent at 1 meter indicates that it has not been as important in post- 
glacial forest succession here, as in the Puget Sound region (Hansen, 1938, 
1940a, 1941a). Lowland white and silver fir maintain a static record through- 
cut, together reaching their highest percentage of 10 at 2.2 meters. Noble fit 
is best represented in the lower half of its profile. A slight increase in western 
white pine at the surface is probably due to its recent invasion of the bog. 
The presence of considerable silt from 1.8 to 1.1 meters is concurrent with 
the maxima attained by mountain hemlock and lodgepole pine. The silt may 
indicate increased erosion and flooding of the bog surface by nearby swollen 
streams. The sudden increase of mountain hemlock pollen at these levels may 
be a result of its transportation by flood waters from higher elevations to the 
east. The succeeding increase in lodgepole pine is suggestive of edaphic dis- 
turbance, perhaps brought about by these same floods. A similar influx of 
lodgepole pine concurrent with the deposition of silt and volcanic ash in a west 
central Oregon bog lends support to this hypothesis (Hansen, 1941b). The 
re-establishment of western hemlock and Sitka spruce may mark the modifica- 
tion of the edaphic conditions, as the former requites humus for germination 
and growth of its seedlings. 


Broadleaf trees best represented are red alder and large-leaf maple. Alder 
records 376 pollen grains at the 1 meer level, which may reflect the change in 
conditions concurrent with the deposition of silt. A large number of composite 
pollen grains of a species of the Cichorieae tribe occurs in the silty levels, 
which may also be related to altered environmental conditions at this time 
(Table 1). 


CLIMATIC CONSIDERATIONS 


It seems probable that postglacial forest succession in the Pacific North- 
west, at least west of the Cascade Range, has been normal succession rather 
than a result of marked climatic changes. Normal succession is that which takes 
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TasLe |.—Percentages of Fossil Pollen, Forks Bog. 
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***Miay include pollen of Abies amabilis. 


**Number of Pinus and Abies pollen discarded as unknown < not computed in 
percentages. 


*Number and not computed in the percentages. 


place under more or less static climate through competition of the species 
present, and as a result of their modification of the environment. To be sure, 
the reaction of the plant upon the environment may in itself bring about altera- 
tion of the climate. A species may not respond to a change in a given environ- 
mental factor unless it is a limiting one and at a critical minimum or optimum. 
If at or above the optimum, an increase in the degree of that factor is not 
likely to be reflected in positive response by the plant. This probably has been 
true concerning precipitation on the Northwest Coast during postglacial time. 
A substantial increase or decrease would have little direct effect upon forest 
succession. Indirectly it may influence succession by alteration of the edaphic 
and physiographic conditions, as is suggested by the lodgepole pine maximum 
at 1.4 meters. As mentioned in a previous paper, the question arises as to what 
magnitude of fluctuation in the pollen profile of a species is essential in order 
to denote a change in forest composition, and to what degree does a change in 
forest composition justify an interpreted climatic trend. 


If any climatic trends are depicted in the profiles of this study, it would 
seem to concern temperature rather than moisture. An initial cool climate is 
suggested by the presence of western white pine and mountain hemlock in the 
lowest level, as well as by the recent glacial epoch. A gradual warming to a 
maximum followed as is suggested by the increase in western hemlock. The 
successive increases in mountain hemlock and lodgepole pine may be indicative 
of increased precipitation reflected in edaphic changes, but not temperature 
changes. The increase in the former docs not necessarily denote a correspond- 
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ing decrease in western hemlock, but merely reduces the relative proportions 
of western hemlock pollen in the peat. It is probable that a gradual increase to 
a maximum would have been recorded by the latter if it were not for the over- 
representation of mountain hemlock and possibly lodgepole pine. 


Summary 


Pollen analysis of a post-Vashon peat deposit in the Spruce-Hemlock 
forest climax on the west side of the Olympic Peninsula denotes the predomi- 
nance of western hemlock with some Sitka spruce during much of the time 
represented, which may or may not constitute most of postglacial time. 


Three peaks are attained successively upward in the pollen profiles of western 
hemlock, mountain hemlock, and lodgepole pine. The maximum of mountain 
hemlock may have been due to the transportation of its pollen from higher 
altitudes in the Olympic Mountains to the east. If this is true it would not 
reflect a climatic fluctuation. The presence of silt with little organic matter 
at the level of lodgepole pine maximum suggests edaphic changes. Douglas 
fir is sparsely represented and was never important in postglacial forest succes- 
sion in this region. This is consistent with its minor status in the present forest 
complex. 


Climatic trends are not clearly evidenced, and if such occurred, temperature 
rather than moisture was apparently the controlling factor. 
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The Vegetation of Mackinac Island, Michigan: 
An Ecological Survey’ 


J. E. Potzger 
Introduction 


Few places occupy so unique a position and played so prominent a role 
in the history of our country as the rocky little island in the straits between 
lakes Huron and Michigan, Mackinac. It is one of the most picturesque 
summer resorts of the Great Lakes and boasts of a very pure air. It has for 
these reasons become one of the most famed havens for hay fever sufferers. 
From the 17th to the 19th century it was an important pivot point for French, 
English and American army movements. Before the advent of white man 
untold battles were fought there by migrating Indian tribes, for the Straits of 
Mackinac were then renowned as excellent fishing grounds, so much so that 
the Indian legends named these waters the place where fish originated. 


To-day Mackinac looks back upon a turbulent but glorious past, a Mecca 
for the sightseer and the vacationist. Mackinac is a place where Time has 
folded her wings, where the machine age has barely made its debut, where the 
hoofbeat of horses replaces the tooting of horns and the squeaking of automo- 
bile gears. But Mackinac has, above all, a challenge for the plant ecologist, of 
which I became aware while there on a short visit in 1932. My boyhood days 
were spent in Presque Isle county, about sixty miles southeast of Mackinac, 
when that part of Michigan was the famous “lumber country.” I was seven years 
of age when the first railroad thundered through the forest primeval of our 
county. The Lake Forest with its peculiar disjunct distribution of forest types, 
where coniferous and deciduous species battle for control, was our childhood 
playground, and we learned to associate Thuja, Abies, Larix, and Picea with 
bogs and wet lowlands. It was, thus, with great surprise that I beheld these 
same bog species covering the steep slopes and high, comparatively dry 
plateaus of the rocky Island, fully 325 feet above the level of the lake. 
Already in 1905 B. E. Livingston wrote of this vegetation: 


The student of plant distribution who has formed any definite theories as to the 
relation of plant societies to topography and soils from the southern part of the state and 
from Illinois and Indiana will be much surprised by a visit to the region of the Straits 
of Mackinac. On the Island of Mackinac for example, occur most of the tree forms 
found in Kent county but growing apparently without relation to the soil condition. 
Norway and white pines, beech, sugar maple, red maple, tamarack, arbor vitae, balsam 
fir, basswood, etc. will be found growing side by side on the well-drained uplands in 
clay or sand or loam, even partially bare rock. 


The study was carried out during August of 1934, 1935, and 1936, and 
included tests of acidity of soils, strip transects for zonation observations, 


1 This is contribution 110 from the botanical laboratories of Butler University, 
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quadrat work to determine density, frequency and fidelity of species. In a 
minor way succession and reproduction were also investigated. Collecticns 
were made of all plants seen on the island, both during the summers named 
above and on a special trip during the early part of June 1935. A comparative 
study with the vegetation of Round Island will appear in a separate paper. 
Physiography 

Mackinac Island is located in the Straits of Mackinac which connect Lakes 
Michigan and Huron. It is one of a group of three rocky islands of that 
region left, no doubt, as a remnant of glacial activity during Pleistocene times. 
It is approximately seven miles from the lower peninsula and about five miles 


from the upper peninsula of Michigan. 


GEOLOGY AND STRATIGRAPHY 


Mackinac is really an immense limestone rock. The upper Helderberg of 
the Devonian system forms the cap which is placed on a base of upper 
Silurian. The shoreline is sculptured into picturesque beaches or terraces, 
indicative of ancient lake levels, as abundant water-worn pebbles and stones 
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Fig. 1, Outline map of Mackinac Island, showing location of points referred to in 
the paper. Figures refer to locations where data for tables were collected. 
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testify. The Island slopes gently from 321 feet above lake level at Fort 
Holmes to lake level in the northwest corner, near British Landing (Fig. 1). 
This gradual slope from southeast to northwest gave the Island its musical 
Indian name, Michilimackinac, the Great Turtle. The surface is irregular and 
hilly and in some places it is covered with glacial drift. It is approximately 
three miles long by 2.8 miles wide at the maximum distances. The southwest- 
ern, southeastern, and eastern shorelines are precipitous cliffs which in places 
have been sculptured into the famous Arch Rock, Pinnacles, Devils Kitchen, 
and others. The whole Island displays Karst topography with solution holes, 
caves, and underground drainage. There are no streams flowing from the 
center of the island except a little creek flowing from a bog near the British 
Battleground, and it does not reach the lake above ground. Numerous springs 
pour from crevices in the limestone walls, the largest of these are Dwightwood 
and Wishing springs and the powerful artesian Dablon spring which gives 
rise to a fair-sized creek running several hundred feet from the ledge to Lake 
Michigan. The whole island is like an immense 2,200 acre limestone rock 
with only a few stretches of sand along the western shore, about one mile 
southeast of British Landing. The island is densely wooded with coniferous 
and deciduous species except where man’s activity has removed the forest. 


CLIMATE 


Bailey (1909) describes the climate as pleasant and agreeable, extremes 
being 99° F. to minus 23° F. No doubt the modifying influence of the large 
bodies of water surrounding the island affect the temperature both in summer 
and in winter. The daily changes in winter are evidently quite abrupt between 
midday and the time of sunset as is indicated by the abundant sun scald scars 
on west and southwest exposures of trunks of beech and maple (Figs. 7-8). 


SoIL 


The soil is shallow and rocky, but reported as being very fertile. Accord- 
ing to Taylor (1892) the Fort Holmes plateau is covered with glacial drift 
to a depth of six feet. The shoreline is densely strewn with boulders and 
stones of both limestone and granitic nature. The shallow soil is subject to 
considerable slumping on the steep slopes along the east shore. The seepage 
water is charged highly with calcium carbonate, so that travertine is depositing 
along the path of flow down the steep slopes. The high alkalinity of the soil 
on the slopes is also indicated by abundant communities of Cystopteris 
bulbifera. 

GLACIAL History 


The Great Lakes and the islands in these waters are intimately bound up 
with climatic and physiographic changes associated with Pleistocene glaciation. 
Leverett (1910) says, “Before glaciation there were evidently broad lowlands 
where the lakes are now found. It is primarily to glaciation that we owe the 
presence of these great lake basins. Accompanying the glaciation there have 
been deformations of the earth’s form that seem attributable in some measure 
at least to the great ice sheets that covered the land.” The same author is of 
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the opinion that the whole region was depressed during the height of glaciation 
and rose somewhat after the ice had melted. Evidently the mass of the glaciers 
rode over Mackinac Island for the Fort Holmes plateau is covered with drift. 
The old shore lines indicate that only the summit of the island once stood 
free of water. According to Taylor (1892) the highest old beach of the several 
beaches is 205 feet above the present level of the lake. Many erratic boulders 
of more northern origin sprinkle the shores. However, the shores of Round 
Island are much more thickly strewn with immense boulders of granite and 
quartzite than those of Mackinac. 


Methods 


The methods employed were somewhat varied because of the multiplicity 
of phenomena and the peculiar plant sociological features involved. Zonation 
of vegetation was studied by means of line transects. A stout line, rolled on a 
reel and sixty meters in length was stretched as a guide line for tabulation 
work, direction was held with aid of a pocket compass. The line was divided 
into ten-meter sections so that tabulation could be shown progressively from a 
given point (Tables 1, 2). Included in the tabulations were all woody species 
three feet or above in height which fell within the reach of a two-meter pole. 
The person tabulating walked along the guide line, called the species and their 
density figures, while a second person recorded the figures and names of the 


species. The line transect tabulations made no distinction between size of 
trees. Two such transects were run on the island, one in the Arch Rock, to 
Fort Holmes, to Grand Hotel area (Table 1), and the other south of British 
Landing to Scotts Cave (Table 2). The first transect was about 7% of a mile 
in extent and the second about 5/, of a mile. For location of the various 
studies consult Fig. 1 in which the figures correspond with the figures of the 
tables giving the results of the investigation at this particular point. 


For detailed community studies twenty-eight ten-meter quadrats were laid 
out in the coniferous forest between Fort Mackinac and Fort Holmes (Table 
3), and twenty similar quadrats were tabulated in the hardwoods north of the 
cemeteries (Table 4). All quadrats were delimited by a stout cord measured 
off in ten-meter sections, with a loop fastened at each ten-meter length to 
e slipping over stakes driven into the ground when the quadrats were 
aid out. 


Fidelity, frequency, and density studies were made in different stands of 
coniferous (Table 5) and broadleaved (Table 8) forests, involving five 
tepresentative areas of each. Five ten-meter quadrats were included in the 
sampling of each stand. Seedlings were studied in two locations on basis of 
ten one-meter quadrats along the southwest and northeast newly exposed 
shore-line (Table 6). Seedlings and young trees in a five by ten meter area 
were also tabulated in an open place in the dense and otherwise devoid of 
seedlings spruce-fir forest northwest of Fort Mackinac (Table 7). Acidity 
studies were cartied out in a large number of stations located in a variety of 
habitats on the island. Readings were made with the Youdon Hydrogen-ion 
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TasLe 1.—Line transect from foot of slope near Arch Rock to Fort Holmes, inter- 
mittent in undisturbed areas to foot of slope west of Grand Hotel. Width of strip 
two meters. 
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apparatus (Table 8). Plants were collected during the three summers named 
previously and on a spring trip during the early part of June, 1935. One set 
of the plants was deposited with the herbarium of Butler University, a second 
set was presented to the Mackinac Island State Park. 


Plants of Mackinac not Previously Reported* 


The list of plants collected is somewhat incomplete because of lack of 
frequent seasonal visits, however, the present collection augments greatly the 
list reported by Dodge (1913). Specimens collected represented 296 species 
and 58 families. Printed here are only the names of species which constitute 
an addition to the list reported by Dodge in 1913 and supplemented in 1918 
in volume 2 of Historic Mackinac. The figures appended to each name 
represent the author’s collection number. 


Acer negundo L., 8300. Acer platanoides L., 8301. Acer rubrum L., 4542. Acer 
saccarinum L., 8302. Amelanchier canadensis (L.) Medic., 6107. Agropyron dasy- 
stachyum (Hook) Scrib. 6577. Agrostis hiemalis (Walt.) BSP. 4373, 3679. A. palus- 
tris Huds., 7197. A. perennans (Walt.) Tuckerman, 4525, 6519. Ammophila brevi- 
ligulata Fernald, 7212. Andropogon scoparius Michx., 4600. Anthyllis vulneraria L., 
4559. Aster pilosus Willd., 4374. A. puniceus L., 4568. Arctostaphylos uva-ursi var. 
coaciilis (L.) Speng., 6115. Atriplex patula var. littoralis (L.) Gray, 7189. Barbarea 
vulgaris R. Br., 6102. Blephilia ciliata (L.) Raf., 6479. Botrychium dissectum var. 
obliquum (Muhl.) Clute, 6528. Bromus secalinus L., 7222. Buddleia davidii Franch, 
4611. Cakile edentula (Bigel) Hook, 7217. Campanula aparinoides Pursh., 4551. Carex 
viridula Michx., 6501. Cicuta bulbifera L., 7025. Cinna latifolia (Trev.) Griseb., 6518. 
Elymus virginicus var. australis L., 4378; Eupatorium maculatum (L.) Darl., 4376. 
Festuca elatior L., 7200. Fragaria virginiana Duchesne, 6060. Fraxinus lanceolata 
(Borkh.) Sarg., 6531. Galinsoga parviflora var. hispida DC., 6473. Geum macrophyllum 
Willd., 4503. Goodyera pubescens R.Br., 4536. Hieracium canadense Michx., 6483. 
H. murorum L., 4359. Hordeum jubatum L., 6534. Juglans cinerea L., 7226. Juncus 
alpinus var. rariflorus (Fries) Hartm., 6504. J. canadensis J. Gay, 4573. Juncus nodosus 
L., 6502. Lathyrus palustris var. linearifolius Ser., 4395. Linaria minor (L.) Desf., 
4399. Luchnis alba Mill., 6527. Lycopus americanus Muhl., 4377. Melampyrum lineare 
Lam., 6511. Mentha arvensis var. canadensis (L.) Briquet, 4361. Mimulus geveri Torr., 
4561. Mvosotis arvensis (L.) Hill., 6085. Oenothera muricata L., 6491. Panicum meri- 
dionale Ashe, FEBJ. Poa nemoralis L., 7310. P. secunda Presl., 7223. Polygonum doug- 
lasii Greene, 7204. Pterospera andromedea Nutt., 4523. Ranunculus bulbosus L., 6059. 
Rubus idaeus var. aculeatissimus (C. A. Mey) Regel and Tilling, 6494. Saponaria 
officinalis L., 7221. Silene vulgaris (Moench) Garcke, 6526. Solidago bicolor L., 4457. 
S. caesia L., 3675. S. caesia var. axillaris (Pursh) Gray, 4396. S. canadensis L., 4367. 
S. gilmani (Gray) Steele, 6580. S. ohioensis Riddell, 4596. Sonchus arvensis L., 6582. 
Sphenopholis intermedia (Rydb.) Rydb., 6585. Suymphoricarpos orbiculatus Moench, 
4541. Thalictrum dioicum L., 6075a, Th. polygamum Mubhl., 6533. Tofieldia glutinosa 
Pers., 4998. Trifolium procumbens L., 6496. Vaccinium canadense Kalm, 4538. Veron- 
ica beccabunga L., 7193. Viola cucullata Ait., 6111. V. rostrata Pursh, 6063. 


Observations 
ACIDITY 
The vegetation and the environment seemed strikingly out of agreement, 
at least when correlated according to concepts formed on the mainland of the 


* For grasses the nomenclature follows A. S. Hitchcock, Manual of the grasses for 
the United States, and Gray's Manual, Seventh Edition for all other plants, except 
where changes have been made in conformity with International code in botanical 
nomenclature. 
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lower peninsula of Michigan. For pine, spruce, fir, and arbor vitae indicated 
acid soil, but travertine-coated slopes, dense societies of Cystopteris bulbifera, 
absence of members of the heath family, notably Vaccinium, and the limestone 
cliffs suggested high alkalinity of the soil. Table 8 shows the concentrated 
result of an extensive study of acidity. While with one exception (mixed 
forest near the cemeteries) the acidity drops only slightly below neutral, it 
seemed unusual that this should consistently occur in ateas controlled by hard- 
woods. The soil along the beaches, the springs, and the lower foot-levels of 
the bog were extremely alkaline, reaching even as much as pH 8.5. Nine 
samples from a 300-foot transect through the dense Thuja forest on the steep 
slopes west of the Grand Hotel gave pH readings which ranged between 7.1 
and 7.6, and soil on the steep slope above Wishing Spring had a pH of 7.58. 
We are no doubt justified to generalize that as a whole the soil of the various 
habitat sites on Mackinac Island is from slightly below neutral to extremely 
alkaline, and that the least alkaline soil is in the deciduous forest. 


CULTURAL INFLUENCE 


Mackinac has probably been influenced considerably by man, first by the 
visits of the Red Man and in recent centuries by civilized man. Parts of the 
island are at present considerably disturbed by summer visitors as well as by 
the activities of the permanent residents. This is especially noticeable in the 
neighborhood of the Grand Hotel, Indian Village, and along the driveways, 


also along the high southeast shoreline, and central area about the British 


Battlefield (Fig. 1). During the last few years the forest along the driveways 
and trails has been modified greatly by the CCC cleaning out work in which 
all the ground cover vegetation was removed for a distance of a hundred feet 
on either side of the drives, and less along the trails. There are, however, 
larger tracts of forested land which have not been disturbed for a long period 
of years. It was the aim to include in this study as much as possible only 
relatively undisturbed forest sites. 


The Vegetation 


Mackinac Island is located within the forest belt named by Weaver and 
Clements (1938) the Lake Forest. While most of the dominants of this forest 
on the mainland of Michigan are represented on Mackinac, the crown cover 
is nowhere on the island controlled over large areas by Pinus strobus or Pinus 
resinosa, while the boreal element, customarily dominant in the bogs and low- 
lands of the typical Lake Forest, ie. Thuja occidentalis, Picea canadensis, 
Abies balsamea, here dominate the crown cover of the forest over large areas 
on dry upland soil and on all slopes along the periphery of the island, so that 
one might say that as a whole the vegetation is more Canadian than Lake 
Forest. One of the outstanding features is the zonation in the vegetation, the 
outer belt along the shoreline and cliffs is constituted chiefly of spruce, fir, and 
arbor vitae. The central, higher part of the island is covered mainly by decidu- 
ous forest, but Tsuga is not a prominent element in this island forest as in 
the typical Lake Forest. The terraces to the southeast of Fort Holmes plateau 
are covered with a forest made up of conifers, in some cases Thuja (Fig. 6) 
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TaBLe 2.—Line transect from British Landing area to Scotts Cave area. Section 


2 x 50 meters. 
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TaBLe 3.—Quadrat study of coniferous forest northwest of Eagle 
Fort Holmes plateau slope. Based on 28 ten meter quadrats. 
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controls to the exclusion of almost every other species (Table 3). It seems to 
be aided in this dominance by extensive vegetative reproduction, i.e. by layer- 
ing of branches, as described by the author in a previous paper (1937). The 
Canadian element of spruce and fir is a prominent factor in all forest types 
on the island. Approximately 25 percent of the best expressed hardwoods 
northwest of the cemeteries is made up of spruce and fir (Table 4). 


THE CoNIFEROUS ELEMENT 


The typical forest of Mackinac is the one dominated by conifers. Climati- 
cally it is favored and so occupies greater geographical area than the broad- 
leaved forest and holds a prominent place even in the beech-maple association. 
In its maximum expression it has as minor deciduous component Betula 
papyrifera and Ostrya virginiana (Table 5). The reason for greater or lesser 
ptominence in any certain part of the island is not always clearly defined. It 
is simpler in its association complex than the deciduous forest and has a ten- 
dency to break up into consociations consisting of either of the dominant 
species or into associations of two species. Abies is without doubt the most 
widely distributed of the four conifers, and Thuja forms the most extensive 
consociation stands. Thuja controls many of the steep slopes along the 
southern part of the island while Abies and Picea form a dense association 
on the plateau between Fort Mackinac and Fort Holmes and southeast to 
Arch Rock. The three conifers control the outer rim and make up most of the 
crown cover of the forest on the lower northern and northwestern part of the 
island. As stated previously, the conifers also take a prominent part in the 
crown cover as well as in the lower strata of the deciduous forest. This may 
be due to the fact that the hardwoods dominants, beech and maple, are limited 
in crown and so permit abundant light to penetrate to the floor of the forest. 
As shown by Table 4, Abies and Picea had a 100 percent frequency. In the 
coniferous forest crown coverage was neatly always 100 percent, and so the 
forest floor was almost devoid of all herbaceous plants. In the type area 
between Fort Holmes and Fort Mackinac, beech and maple made up only 
ten percent of the stems (Table 3). Pine appeared in scattered colonies, but 
Pinus strobus was more frequent than Pinus resinosa. In the 28 quadrats 
between Fort Holmes and Fort Mackinac, white pine had 75 percent frequency, 
but most pine are probably near the upper rim of the cliffs along the west 
and northwest shore and at the northwestern tip of the island called Pointe 
aux Pins. Larix and Tsuga are rare. Old residents gave the information that 
Larix had formerly been more abundant in the coniferous forest between Fort 
Mackinac and Fort Holmes but had been killed by a disease. Larix is perhaps 
most abundant along the beach pools in the Scotts Cave area. No large trees 
were observed. During the three summers on Mackinac only three stems of 
Tsuga were seen. 


Three coniferous shrubs appear on the island, i.e. Taxus canadensis. Juni- 
perus communis var. depressa, and Juniperus horizontalis. The last-named 
species is very rare, the largest colony is along the British Landing road just 
northwest of the little creek flowing out of the bog. Juniperus communis vat. 
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Fig. 2. Cleared strip between Fort Holmes and Fort Mackinac, showing dense 
colonies of Juniperus communis var. depressa, the common invader of bare areas on 


the upland. 


Fig. 3. Dense consociation of Thuja occidentalis on cliffs along southeastern, southern, 
and southwestern shores. 


Figs. 4 and 5. Island-like colonies of broadleaved species in coniferous stands. 
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TasL_e 4.—Quadrat study in hardwoods north of cemeteries. Based on 20 ten-meter 
quadrats. 
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Tas_e 5.—Phytosociological study of woody species in five stands of coniferous 
tvpe forest, based on five ten-meter quadrats in each stand. 
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depressa is an early invader on uplands and beaches, invading open areas very 
rapidly and forming dense mats (Fig. 2). Taxus has a rather unique distribu- 
tion, being confined almost entirely to the northwest half of the island. In the 
mixed forest between British Landing and Scotts Cave it forms a dense shrub 
layer, but it is seldom found in similar forests on the higher plateaus of the 
Fort Holmes region, here the shrub layer is usually controlled by Corylus 
rostrata. 

Light is apparently one vital factor in the inhibition of seedling establish- 
ment under the crowns of the conifers, for arbor vitae along the driveway 
above Fort Mackinac had branches the full length of the trees on the side 
exposed to the light and none on the shaded side (Fig. 6). In an open place 
caused by the removal of several large trees, a five by ten meter space 
supported 344 seedling trees ranging in height from one to thirty-four inches, 
147 of them were Picea canadensis (Table 7). 


THE BROADLEAVED ELEMENT 


Scattered through the zone of conifers along the outer rim of the island, 
Betula papyrifera is of some importaace in the crown cover. On casual observa- 
tion one might even gain the impression that birch constitutes the major part 
of the forest, but quantitative figures (Tables 1, 2, 3, 4, 5, 9) show that it is 
rather scattered, in its maximum representation probably reaching a F.I. of 
fifty percent (Table 3). It is an early invader along newly exposed beaches 
(Table 6) but is apparently crowded out by the conifers as stands mature. 
The typical broadleaved forest is limited to the central portion of the island 
and the dominants are Acer saccharum and Fagus grandifolia with Quercus 
borealis maxima a less abundant component (Tables 4, 9). It ought to be 
stated, however, that on the protected slope northwest of Fort Holmes, 
Betula lutea plays a prominent part in the crown cover of the broadleaved 
forest (Table 10). The most common small tree is Ostrya virginiana. In the 
twenty quadrats of hardwoods studied north of Fort Holmes it had a frequen- 
cy index of 100 percent, and a density of 481 stems, or an average of twenty- 
four stems to a ten-meter quadrat (Table 4). Very few of the stems, however, 
reached a diameter of five inches. 


In the broadleaved forest on the higher plateaus, as typified by the one 
northwest of the cemeteries, the crown cover is small, probably not over fifty 
percent. This characteristic is reflected in a dense shrub layer, made up primar- 
ily of Corylus rostrata. As many as 170 stems were counted in a single ten- 
meter quadrat. Quercus borealis maxima is limited to the broadleaved forest 
(Table 5), where it shows a high fidelity but only a medium frequency 
index (Table 9). This species does not reproduce prolifically, but survival 
of its seedlings must be excellent as indicated by the equal representation of 
seedlings and mature trees (Table 9). Fagus is one of the most prolific repro- 
ducers in the best expressed broadleaved forests. In twenty ten-meter quadrats 
in the stand northwest of Fort Holmes it was represented by 613 stems below 
one inch DBH. There were as many as 101 small beech in a single quadrat. 
Large size trees were comparatively few when compared with the large number 
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TaBLe 4.—Quadrat study in hardwoods north of cemeteries. Based on 20 ten-meter 
quadrats. 

|Below | | | 
| 1 inch | Total 

Species 1-5 | 6-10/11-15| 16-20/21-25| stems | F.I 
Acer saccharum | oi] 2 & 5 1 93 | 100 
Fagus grandifolia | 613 | 60 | 31] 14] Zz 720 | 100 
Acer rubrum 1 25 | 40 
Acer pennsylvanicum | | © 20 
Amelanchier canadensis ed | | | 17 | 40 
Betula lutea | | | 2 10 
Betula papyrifera | 9 20 
Ostrya virginiana | 456 | 21 2 | | 479 | 100 
Prunus virginiana |} 9f | | 9 15 
Quercus barealis maxima | | | 2 S| 
Abies balsamea 201 | 115 | Zz | | 318 100 
Picea canadensis iB) 27 | 82 | 100 
Pinus strobus | 1 | :] | | | 2 10 
Thuja occidentalis | 2] | | | | 2 10 
Corylus rostrata 434 | | | 434 | 80 
Lonicera sp.? 
Ribes sp.? ms | 2 5 


Tas_e 5.—Phytosociological study of woody species in five stands of coniferous 
type forest, based on five ten-meter quadrats in each stand. 


|Below| | 
1 inch | 
Species |DBH}| 1-5 | 6-10|11-15 

Abies balsamea mi] 
Picea canadensis | 14 | 47 | 40 13 
Thuja occidentalis 81 | 418 | 128 7 
Pinus strobus | | 2 
Pinus resinosa | 3 | 
Larix laricina | | 4] 
Juniperus com. var. depr.| 18 | 
Taxus canadensis | | 
Acer saccharum | 1 | | 
Betula papyrifera | 4] 19] 4] 1 | 
Betula lutea 1 | | 
Populus tremuloides | i | 
Ostrya virginiana wel. 
Acer spicatum oot 
Amelanchier canadensis | 1 
Cornus circinata 24 
Corylus rostrata | 


|Above 
'16-20| 20 | Total | delity| F.I. 
| | 244 | 100 | 80 
| 115 | 100 | 9% 
| 507 | 100 | 100 
5 60 | 24 
A 40 | 12 
4 20 | 4 
| 18 20 | 4 
20 | 4 
20 | 4 
| 28 | 80| 36 
20 | 4 
4 
|- 30 60 | 24 
46 | 12 
Rie 
5 20 | 4 
81 40 | 32 
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depressa is an early invader on uplands and beaches, invading open areas very 
rapidly and forming dense mats (Fig. 2). Taxus has a rather unique distribu- 
tion, being confined almost entirely to the northwest half of the island. In the 
mixed forest between British Landing and Scotts Cave it forms a dense shrub 
layer, but it is seldom found in similar forests on the higher plateaus of the 
Fort Holmes region, here the shrub layer is usually controlled by Corylus 
rostrata. 

Light is apparently one vital factor in the inhibition of seedling establish- 
ment under the crowns of the conifers, for arbor vitae along the driveway 
above Fort Mackinac had branches the full length of the trees on the side 
exposed to the light and none on the shaded side (Fig. 6). In an open place 
caused by the removal of several large trees, a five by ten meter space 
supported 344 seedling trees ranging in height from one to thirty-four inches, 
147 of them were Picea canadensis (Table 7). 


THE BROADLEAVED ELEMENT 


Scattered through the zone of conifers along the outer rim of the island, 
Betula papyrifera is of some importance in the crown cover. On casual observa- 
tion one might even gain the impression that birch constitutes the major part 
of the forest, but quantitative figures (Tables 1, 2, 3, 4, 5, 9) show that it is 
rather scattered, in its maximum representation probably reaching a F.I. of 
fifty percent (Table 3). It is an early invader along newly exposed beaches 
(Table 6) but is apparently crowded out by the conifers as stands mature. 
The typical broadleaved forest is limited to the central portion of the island 
and the dominants are Acer saccharum and Fagus grandifolia with Quercus 
borealis maxima a less abundant component (Tables 4, 9). It ought to be 
stated, however, that on the protected slope northwest of Fort Holmes, 
Betula lutea plays a prominent part in the crown cover of the broadleaved 
forest (Table 10). The most common small tree is Ostrya virginiana. In the 
twenty quadrats of hardwoods studied north of Fort Holmes it had a frequen- 
cy index of 100 percent, and a density of 481 stems, or an average of twenty- 
four stems to a ten-meter quadrat (Table 4). Very few of the stems, however, 
reached a diameter of five inches. 


In the broadleaved forest on the higher plateaus, as typified by the one 
northwest of the cemeteries, the crown cover is small, probably not over fifty 
percent. This characteristic is reflected in a dense shrub layer, made up primar- 
ily of Corylus rostrata. As many as 170 stems were counted in a single ten- 
meter quadrat. Quercus borealis maxima is limited to the broadleaved forest 
(Table 5), where it shows a high fidelity but only a medium frequency 
index (Table 9). This species does not reproduce prolifically, but survival 
of its seedlings must be excellent as indicated by the equal representation of 
seedlings and mature trees (Table 9). Fagus is one of the most prolific repro- 
ducers in the best expressed broadleaved forests. In twenty ten-meter quadrats 
in the stand northwest of Fort Holmes it was represented by 613 stems below 
one inch DBH. There were as many as 101 small beech in a single quadrat. 
Large size trees were comparatively few when compared with the large number 
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TasBLe 6.—Seedling study along newly exposed beaches on Mackinac Island. Ten 
one-meter quadrats along two shores. 


Species Western shore Eastern shore 

10 40 


TasBLe 7.—Seedlings and young trees in a 5 X 10 meter opening in the spruce-fir 
forest north of Fort Mackinac. Size range one to thirty-four inches. 


Species Number 


Tas_e 8.—Acidity of soil at various locations on Mackinac Island. 


Location Stratum pH 
6-inch 7.83 
6-inch 6.55 
6-inch 7.51 
Hardwoods near British Landing ................-...-.-.-----------+ Surface 6.92 
(eve Surface 6.69 
Mixed forest near Indian Village -............-..---.-.----------+ Surface 6.18 
Open field between Fort Mackinac and Fort Holmes....Surface 7.43 
Open area in coniferous forest _..............-----..--------0-----0ee0 Surface 7.09 
Cliff above Wishing Spring ......... .... Surface 7.58 
Beach near Devils Kitchen .............-.----------- .... Surface 8.0 to 8.5 


Thuja forest, slope west of Grand Hotel ... .... Surface 7.1 to 7.6 
Beach peal near Scotts Cave Water 12 
Water 7.46 
Bog near British Battle Ground -..............2..-.2.s:ss0cec-seeeee 1-fooi 6.55 
7.18 

-foot 8.02 

4-foot 7.46 


4\/.-foot 
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of seedlings. In this same area only two trees with diameter of sixteen inches 
were represented (Table 4). Apparently the climate is still too rigorous to 
permit maximum development of mature beech-maple forests, this is also 
indicated by the extensive sun scald injury to beech and maple on west and 
southwest exposures of trunks. Oak seems to be more resistant to such injury 
(Figs. 7 and 8). 


HERBACEOUS LAYER 


The herbaceous vegetation is poorly expressed except at the wet beach 
pools and along the beaches. In the open places one finds a large representa- 
tion of introduced species. Among the spring flora Trillium grandiflorum and 
Cypripedium hirsutum are perhaps the most common and most abundant on 
the island, while in summer Clinopodium glabrum, Lobelia kalmu, Agrostis 
hiemalis, and Poa palustris form dense colonies along wet, exposed beaches. 
Compositae with a representation of forty-four species, in the collections to 
date, are most abundantly represented, with Poaceae, 36 species, as close 
second. Poa nemoralis is an outstanding western disjunct representative of the 
grasses. In open, waste places Linnaria vulgaris attracts attention by its abun- 
dance. The most common fern is Cystopteris bulbifera. 


While the beach as a whole is rocky, there is one limited sandy stretch 
along the western shore, and here small societies of typical sand dunes plants 
such as Ammophila breviligulata, Cakile edentula, Anemone multifida, Agro- 
pyron dasystachyum, Solidago gilmani have established themselves. The low 
density of these species indicates a compatatively recent invasion, they were 
probably introduced by water wash from the mainland. 


SUCCESSION 


Succession is short and simple. Along the newly-exposed rocky beaches, 
with extremely alkaline soil (Table 8), the chief immediate invaders are the 
same species which constitute the components of the forests on the cliff zone, 
i.e. Thuja, Abies, Picea, Betula and in addition Populus balsamifera. Thuja 
is represented most abundantly (Table 6). While herbs like Carex sp?, 
Lobelia Kalmii, species of grasses are abundant and at times form dense socie- 
ties, they are not considered a part of the succession process because the seed- 
lings of the dominants of the forest are present almost immediately, and do 
not appear to be favored or inhibited by the presence of the herbs. Along the 
older beach line the dominant species are joined by Cornus stolonifera, Ame- 
lanchier Sp.?, Sambucus racemosa, Prunus pennsylvanica, Physocarpos and 
more sparingly Fraxinus sp.?. The species just listed do not appear to form a 
stage in succession, for they apparently, form a part of the vegetation complex 
while the dominant species are developing a denser crown cover, and in some 
cases constitute a part of the forest in the mature stands. 


On the upland plateaus Juniperus communis var. depressa is the first 
invader of bare or disturbed areas. This juniper forms dense mats (Fig. 2) 
in which spruce, fir, arbor vitae, and paper birch become established. The shrub 
is very intolerant and so is eliminated easily by shading after the trees have 
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TasLe 9.—Phytosociological study of woody species in five stands of hardwoods 
type forest, based on five ten-meter quadrats in each stand. 


Below 
inch | Above} % Fi 
Species DBH)} 1-5 | 6-10/11-15|16-20| 20 | Total| delity| 
Acer saccharum 95 | 135 17 3 250 | 100 | 9% 
Fagus grandifolia 152 a | Wi 2] 213 80 | 64 
Quercus borealis maxima| 16 7 10 II 1 46 | 100 52 
Betula papyrifera 3 24, -9 5 21 | 80 40 
Betula lutea 2 20 | 16 
Acer rubrum 21 5 2 28 40 | 12 
Populus balsamifera P | 2 20 4 
Populus grandidentata | 27 40 28 
Ostrya virginiana 133 | 45 3 181 | 100 68 
Acer spicatum 44 22 66 40 24 
Acer pennsylvanicum 13 4 | 17 60 | 36 
Amelanchier canadensis 33 9 42 | 100 | 52 
Cornus circinata 48 | 5 53 60 
Corylus rostrata | 1177 1177 | 100 | 100 
Symphoricarpos sp.? iz | 40 12 
Lonicera sp.? 22 | we 60 28 
Abies balsamea 162 | 164 | Il 1 338 | 100 | 84 
Picea canadensis ae: 4 | | | 62 80 48 
Thuja occidentalis S| <£ 2 40 32 
Pinus strobus | 8 10 1 | | 19 40 20 
Juniperus com. var.depr.| 7 | | 7 20 4 
Taxus canadensis | 31 | 31 20 20 


Tas_e 10.—Five ten-meter quadrat study of hardwoods below plateau east of Fort 
Holmes. Species listed in size-classes. 


Below | | | 

1 inch| Over | | 
Species DBH}] 1-5 | 6—-10/11-15|16-20| 20 | Total| F.I. 
Acer saccharum 56 | 4 7 | 1 68 | 100 
Fagus grandifolia 81 19 8 1 109 | 100 
Betula lutea 2 1 Z| 1 1 | 7 80 
Betula papyrifera | | | 
Quercus borealis maxima | 1 | 1 | 20 
Populus balsamifera | | 20 
Picea canadensis | 3 20 
Abies balsamea 5 2 | | 7 80 
Ostrya virginiana 39 | 4 2 | | | 45 | 100 
Acer spicatum | a4 1 | | 6| 20 
Acer pennsylvanicum 9 | 20 
Amelanchier canadensis | 5 | 1 6 20 
Cornus circinata | | 6 | 40 
Corylus rostrata |» | | 95 | 100 
Lonicera sp.? | 4 | 20 
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developed crown spread. Succession in smaller bare areas of established habitat 
sites is almost wanting for the seedlings of the dominants invade bare areas 
almost immediately, components of adjacent areas determine the abundance 
of any one species which will enter into association or form a closed consocia- 
tion, as Thuja shows along the slopes on the southern portion of the island 
(Fig. 3). 

It is a little difficult to discuss the succession process for the island as a 
whole since invasion by beech and maple is apparently determined by edaphic 
and temperature factors. In the region about the British Battlefield broadleaved 
species occupy island-like smaller areas (Figs. 4-5) within a coniferous major 
dominance. No doubt the succession is from conifers to deciduous species by 
shading as soon as areas become favorable to invasion by the deciduous species. 


Discussion 


Mackinac presents a number of puzzling angles to an interpretation of its 
vegetation. Not least of these are the reports on the vegetation by some of the 
early explorers. Charlevoix (Wood, 1918) wrote in 1721 that “Mackinac is not 
much more than a barren rock, being scarce so much as covered with moss 
and herbage.” In 1807, George Heriot (Wood, 1918) wrote, “Mackinac is of 
a round form irregularly elevated and of a barren soil.” Conflicting with these 
reports is one by Marquette in 1763, “The Hurons moved to that famous 
Island Michilimackinac. Their purpose was to repair to that land where they 
had already dwelt in times past and which they have reasons to prefer to 
many others because of its attraction. . . . The Island was heavily wooded 
chiefly with cedars, beeches, oak, and maples, presenting a pleasing variety of 
form and color when seen from the highest bluffs.” 


The first two of these reports do not fit into the facts as we find them on 
the island to-day while the one by Marquette, coming intermediate between 
the first two, does. Just how much can we credit the accuracy of these reports? 
The soil on the island is rocky but very fertile. Reproduction of all vegetation 
is prolific and rapid and the forests are as dense as the author has seen them 
anywhere. Even though the soil is shallow even at present, it does not seem 
likely that it has accumulated in less than 200 years, besides, much of the 
surface is covered with glacial till. According to Taylor (1892) the plateau 
about Fort Holmes is filled to a depth of six feet. Then, too, there are some 
trees even in the Fort Holmes area which must be more than two hundred 
years of age. The description by Marquette fits the conditions of to-day, and 
yet it was written only forty-two years later than the one by Charlevoix and 
forty-four years prior to the one by Heriot. It is very likely that Charlevoix 
got his impression from the higher southern part of the island, for it is not 
very likely that Indians would have taken their abode on an inhospitable 
island when Round and Bois Blanc islands were so close. It is, however, likely 
that the southern part of the island had been denuded by the activity of 
Indian tribes. If large numbers of Red Men habitually spent their time on the 
island, as indicated by Father Marquette’s report, it is not improbable that 
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the cliffs and the whole southern part were denuded to supply wood for fire- 
Perhaps, too, the Indians kept the rocky slopes cleared to prevent enemy tribes 
from ambushing them, which, after all, was a serious danger on a small piece 
of land surrounded by water. The forest between Fort Mackinac and Fort 
Holmes, as well as all the forests facing the village, are very youthful (Table 
3). If the present population on the island had not hauled its firewood from 
the hardwoods area of the nearby Round Island, and there completely strip- 
ping the forest, the Mackinac forests would have been badly depleted even 
beyond the village limits. Charlevoix’s report must, thus, be applied to a part 
of the island only, and the description of the soil characteristics must be 
applied with considerable reservation, for it is not likely that without human 
influence an island like Mackinac, separated but a short distance from Round 
and Bois Blanc Islands should have been so strikingly different from those 
two in its vegetational developments, especially since to-day the vegetation on 
Mackinac and Round islands is almost identical as to sociological phenomena 
and species represented. The very fact that Mackinac was the favorite meeting 
place for Indians because of the excellent fishing in the Straits indicates that 
the forests probably suffered much from human activity long before the coming 
of civilized man, especially along the southern part. 


As already mentioned, another puzzling feature is the zonation of vegeta- 
tion types. A belt of coniferous forest involving the steep slopes all around 
the island and a belt on the plateau, broader on the western shore, less on 
the eastern shore, surrounds a smaller central area of the northern hard- 
woods type. The belt of conifers is only about fifty to a hundred meters wide 
on the eastern border (Tables 1 and 2) but it may be ten times that along 
the western border, except near the lower northwestern portion of the island. 
The nature of the zonation suggests temperature as control. The prevailing 
westerly winds, especially in winter, must chill that part of the island much 
more than the eastern border. The high cliffs with thin soil around the greater 
part of Mackinac must be influenced greatly by cold winds, losing absorbed 
heat readily, while the central part of the island evidently not only retains 
considerable heat in its limestone substrata into the colder winter season, but 
the belt of conifers acts as a windbreak and so reduces loss of heat because of 
cold western winds. 


We will first discuss the northern hardwoods complex of the vegetation. 
As already stated, it occupies by far the lesser area when the two association 
types are considered (Fig. 1). It is made up of few species, viz., Acer and 
Fagus as dominants and Quercus borealis maxima, Betula papyrifera occupying 
a less prominent part in the crown cover, while Ostrya virginiana is the most 
important layer tree and Corylus rostrata the important shrub. Nowhere, how- 
ever, is the coniferous element absent entirely in the broadleaved stands (Tables 
4 and 9). Maple, beech, fir and spruce each have a 100 percent F.I. in the 
twenty type quadrats, but the combined broadleaved species had a greater den- 
sity than the combined coniferous species. If we compare the Mackinac broad- 
leaved forest with that of the mainland of the southern peninsula as reported 
by Gleason (1924) we find the important dominant species the same but the 
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boreal element which is still so prominent in the island forests is absent in 
the stands on the mainland. If we compare the Mackinac beech-maple forest 
with that of Central Indiana, we recognize similarity as to beech and maple, 
but not as to association complex of the total broadleaved element. Thus 
Potzger and Friesner (1940) report the Fagus-Acer association of Indiana to 
be made up of 31 species of large-size trees, 7 small-size trees, 10 tall shrubs, 
five small shrubs and eight species of lianas. We recognize at once the greater 
complexity of the Indiana beech-maple association. This difference in associated 
species in the crown cover of the Fagus-Acer association in the two geographi- 
cal locations has induced Braun (1938, 1940) to limit the beech-maple asso- 
ciation to the northern periphery of the deciduous forest and to designate 
the more complex southern beech-maple, where many other species besides 
beech and maple participate in the crown cover, as the “Mixed Mesophytic 
Forest.” She believes that there is a tendency for forests to develop from a 
comparatively simple association of a few species into a more complex associ- 
ation in which many species of trees participate in the crown cover when 
climatic and edaphic environmental factors have made invasion by many 
species possible. It must, of course, be recognized that along the zone of 
stress, dominants of a displaced association, in the present case the northern 
coniferous forest, will mingle with dominants of the invading association, as 
is clearly shown in the beech-maple forest of Mackinac. The same general 
characteristics are also expressed in the great succession since post-Pleistocene 
times as shown by pollen spectra from peat of Indiana bogs (Potzger-Friesner, 
1940) and from lake sediments as shown by Potzger and Wilson (1940). On 
the basis of such indicators we might say that the climax Acer-Fagus forest 
of Mackinac Island is in a transitional stage in which the boreal element of 
conifers is still a prominent factor and climatically favored more than the 
beech-maple association. On the mainland of the lower peninsula this stage 
has given way and the boreal species have been relegated to relic colonies in 
bogs and less favorable habitat sites. As pointed out by Harper (1918), this 
is one of the outstanding characteristics of the forest complex in the upper 
third of the lower peninsula when compared with the upper peninsula. 


Abies is the most consistent invader of the beech-maple association, 
(Tables 4 and 9) but it is to be pointed out that while Abies has a high 
density it is primarily in the small-size classes. Of the 318 stems in twenty 
quadrats of the most typical hardwoods on the island only two are above five 
inches DHB., and 201 are below one inch DHB. This indicates good repro- 
duction but high mortality between the small- and large-size classes, so that 
Abies plays a minor role in the crown cover of the deciduous forest. This 
same factor was pointed out for Abies by Cooper (1913) on Isle Royale. He 
says, “Abies is actually more abundant than they seem to be since many small 
ones are hidden by other trees.” Picea canadensis shows little aggression even 
in the small-size classes. Fagus is the most aggressive species in the best 
expressed deciduous forest, but is, perhaps, with lower percent fidelity and 
frequency than Acer when the hardwoods of the island as a whole are consid- 
ered, as Table 9 indicates. In the hardwoods north of the cemeteries beech 
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has a stupendous reproduction. As many as 100 small trees were counted in 
100 square meters. Reproduction may be favored by the calcium in the alkaline 
soil, it may also be due to small destruction of seeds by squirrels, for very 
few of these rodents were seen on the island. In the type area of twenty 
quadrats (Table 4) Fagus with 723 stems had a density equal to that of all 
tall tree species combined. Forty-seven stems were above six inches DBH.. or 
more than two large trees to every quadrat. While Acer saccharum is not 
equal to Fagus in density it is in frequency, and for the hardwoods as a whole 
the same tendency seems to be true (Tables 1, 2, 9). Now, what about the 
vitality of the deciduous forest? It does not appear to be very high. Crown 
coverage of the tree stratum is probably not more than fifty percent. Beech 
and maple also seem to suffer from climatic rigor, for many of the older 
trees, in some areas perhaps fifty percent, suffer from sun scald injury on the 
west and southwest exposures of the trunks (Fig. 7). The small coverage is 
reflected in a dense shrub layer, which in many instances attains a hundred 
percent coverage, while in other locations a similar percent of coverage is 
attained by the young of the dominant species. The small crown of the domr- 
nant species is ptobably due to insufficient moisture in the shallow soil and 
porous limestone substrata. Corylus rostrata is the most common and most 
abundant shrub in the deciduous forest on the southern half of the island. In 
the twenty quadrats studied (Table 4) it had a density of 438 stems, and 
formed an almost impenetrable thicket. 


The sun scald injury is no doubt caused by sudden lowering of the 
temperature at sundown during the winter season. Harvey (1923) attributes 
such injury to absorption of the red band of the spectrum by bark. Such 
continual rapid freezing and thawing kills the cambial layer. Mix (1916) 
proved that when a breeze of fifty feet a minute is blowing, the temperature 
of the cambium falls to the temperature of the air within two or three minutes. 
Not a single case of sun scald was observed on Quercus borealis maxima and, 
of course, in none of the conifers. That sudden drops in temperature after 
sundown as well as cooling by strong winds are the causal factors is indicated 
by the fact that the narrow strip of deciduous forest below the plateau where 
Fort Holmes is located is free of all such injuries. Here the soil is deeper 
and the plateau is elevated beyond the crowns of the trees and so must offer 
considerable protection from cold western winds. In this small area Abies, like- 
wise, is a negligible element (Table 10) in the forest complex, but Corylus 
is still the most common shrub. While Taxus canadensis is limited almost 
entirely to the broadleaved stands, it is apparently controlled in its distribution 
by soil moisture. It is most abundant in the less elevated northern part of the 
island where the water table is higher. 


The coniferous forest is less homogeneous than the broadleaved complex. 
It may be a closed consociation of Thuja, an association of Abies and Picea, 
or an association of all three of these conifers, with Pinus of minor impor- 
tance. Light seems to be a vital factor, and so “priority of invasion” in bare 
areas determines the nature of the mature stand, for reproduction is excluded 
under the dense crown cover of the conifers. So Thuja occupies many slopes 
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along the south and southwest exposures and reproduction along newly 
exposed beaches near such stands forecasts future Thuja consociations in such ° 
developing areas. The only important broadleaved representative in the 
coniferous forest is Betula papyrifera. While the coniferous species play a 
prominent role in all forests on the island, they form pure consociations or 
associations along the rim of the island. The place of pine is somewhat of a 
puzzle. In a few isolated places, especially east of Chimney Rock, the pines 
form a closed canopy, but for the island as a whole one must say that at the 
present time pines are not very important in the crown cover. The rather high 
frequency of Pinus strobus in the association study involving the coniferous 


Fig. 6. Arbor vitae along road above Foit Mackinac showing effect of shading on 
inner branches. 
Figs. 7. and 8. Sun scald injury on beech and maple trunks. 


complex (Table 5), where it had a frequency index of 75 percent, is perhaps 
an indication that pine will in the future be a very important component of 
the Mackinac forests, however, the fidelity and frequency studies (Table 5), 
and transect observations (Tables 1 and 2), do not support even such a 
prediction. That the scattered representation of Pinus is typical for these 
transition forests is also indicated by reports from Livingston (1903, 1905) 
for the forests of the lower peninsula, and Cooper (1913) for Isle Royale, and 
by personal recollections from boyhood days in Presque Isle and Montmorency 
counties. 

The forests about the Great Lakes have provoked much interest and 
speculation among plant ecologists and geographers as to their true status as 
a forest unit, and as many as seven different names have been applied to it 
(see Nichols. 1935), but the general opinion is that this forest bel: represents 
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a transition type of forest between the deciduous belt of the south and the 
boreal belt of the north. Weaver and Clements (1938) call it the “Lake 
Forest.” They believe that this climax has suffered intensely from repeated 
mass migrations of the deciduous and boreal belts. This may perhaps be true 
for the northern part of the region but pollen spectra from sedimens of lakes 
(Potzger-Wilson, 1940) and bogs (Potzger-Friesner, 1939) from southern 
Michigan and Indiana as far south as Marion county show that while this 
transition type forest had its outposts in central and northern Indiana, it 
retreated before the advance of the southern deciduous forest without fluctuat- 
ing advances and retreats. 


Nichols (1935) calls this forest belt the “Eastern hemlock region,” and 
considers climax for it a mesophytic forest, comprising a mixture of evergreen 
coniferous and deciduous broadleaved trees.” He lists as the most important 
components of the broadleaved forest Acer saccharum, Fagus grandifolia, and 
Tsuga canadensis. How does the vegetation of Mackinac fit into the Lake 
Forest picture? Geographically it is about in the center of the Lake Forest belt 
but vegetationally it differs from it in a number of ways. Climatically the 
northern coniferous forest is here favored, as the high frequency and density 
figures for the conifers show (Tables 1, 2, 4, 9), and as the extensive sun 
scald injuries to the leading deciduous species, and their small crown develop- 
ment, indicate. Tsuga is so sparingly represented that one might disregard it 
entirely as component of the forest. The outer belt, wider on the western, 
southwestern and northern than on the eastern shoreline is typically northern 
coniferous forest as described by Cooper (1913) for Isle Royale except that, 
perhaps, Thuja plays a more prominent part on Mackinac than on Isle Royale. 
The broadleaved forest is strikingly of a more transition type than those 
described by Gleason (1924) and Livingston (1903, 1905) for the lower 
peninsula of Michigan, and than those of Beaver Island, described by Darling- 
ton (1940), and those of Manitou Island, as described by Whitford (1901). 
It could be classified as typically transitional where the coniferous element 
still occupies a prominent place, from which no doubt the well-expressed 
Fagus-Acer association of the lower peninsula developed. 


The most striking feature of the Mackinac forest, when compared with 
similar forests on the southern peninsula, are the habitat-vegetation relation- 
ships. The soil of Mackinac is alkaline (Table 8), and while this is somewhat 
modified by the vegetation, it never drops very much below neutral. The open 
places, slopes, beaches, as well as the lower levels of the peat soil in the bog 
are distinctly alkaline. Travertine is being deposited along many of the slopes. 
and Cystopteris bulbifera, a well-known calcicole fern, is abundant on all 
slopes. The tree layer is composed of such species as Abies, Thuja, Picea, 
Larix, common bog trees of the lower peninsula of Michigan. 


Fernald (1919) considers analysis of habitat and vegetation an extremely 
simple matter; according to his opinion Thuja is always calcicolous. He says, 
“The law that some plants are oxylophytes some calcicoles is as old as the hills 
and it is just as true today as it was when Linney wrote of Kentucky, 
‘Altitude had little to do with the distribution of the trees, only two natural 
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conditions seem to have modified their disposition, one of minor importance, 
the quantity of moisture, and the other of much consequence, the character 
of the soil.” This sounds definite and final on paper but the ecologist who 
really studies trees in relation to their habitat qualitatively will soon find that 
the matter is not so simple, for according to this philosophy no Thuja should 
be found in the upper third of the lower peninsula of Michigan in the bog 
habitats which they control. Just a few examples of acidity-vegetation relation- 
ships to support the argument. The pH of soil of a swamp a half mile north 
of Farwell, Clare county 5.17; Crooked Lake bog, Cheboygan county 5.8; a 
swamp at the outskirts of Mackinac City 6.1; Dollar Lake bog, Clare county 
4.35, and the dominant vegetation in all the named locations consisted of a 
luxuriant stand of Abies, Picea, Thuja, Larix, strikingly similar to the conifer- 
ous stands on Mackinac Island, where the pH ranges between 7.0 to 8.5. 
Cooper (1913) says that the bog trees Larix and Thuja usually follow the 
sphagnum when it is present. Livingston (1905) lists Larix and Thuja as 
“character” trees for bogs and swamps in Roscommon and Crawford counties, 
and Harper (1918) repeats this designation for all of the upper third of the 
lower peninsula. In view of such facts we cannot generalize so readily on the 
soil-vegetation complex and divide trees into two sharply defined groups like 
“sheep and goats” as Mr. Fernald would have us believe. It is still more 
meaningless to seek to support such a theory by making ecological studies 
from a railway coach and hurried consultations with loungers on the station 
platform, as Mr. Pease (1921) attempted to do. These questions are complex 
problems which not even careful field and laboratory studies can solve satis- 
factorily and so leave much to speculation. We recognize physical differences 
in so-called varieties of plants, and it is but logical to assume that similar 
fluctuations and variations exist in physiological expressions of an organism, 
for here, too, we deal, according to Nichols, with merging phenomena. Salis- 
bury (1925) says, “It would seem almost superfluous to emphasize that soil 
reaction is only one of the many factors which appear to determine the nature 
of the plant covering. The effect of other habitat factors modifying the toler- 
ance of species for high concentration of hydrogen-ion has often been insufh- 
ciently recognized.” The same author (1920) also believes that a species is 
rarely confined to one kind of soil and therefore unable to grow on any other 
soil than that on which it usually occurs. That is most definitely shown by 
Thuja, Abies, and Picea in the forests of Mackinac when compared with the 
lower peninsula of Michigan. The same “dual” nature of certain species was 
pointed out by Braun (1928) for Thuja in relic colonies in Ohio. She says. 
“It (Thuja) does not grow in wet places, hence in this section the boreal 
relics are not hydrophytic, although their character tree is to the northward a 
bog species.” For Mackinac we can say that Abies, Picea canadensis, Thuja, 
and Larix are not hydrophytic as their character trees on the mainland, only 
seven miles across the Straits, are and the Island types are calcicole while 
those of the mainland are calcifuge. Turesson (1930) emphasizes this variabil- 
ity in a given species and calls these varieties “ecotypes.” 


While the author emphasizes certain physical differences, apparent differ- 
ences in physiological reactions tend to produce physiological ecotypes of a 
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given phenotype, as shown in the present study with respect to reaction to 
acidity and soil moisture by the same taxonomic species. This was also demon- 
strated by Jahn (1934) for beech, pine, and spruce; by Biisgen and Munch 
(1929) for ash; by Salisbury (1920) for beech. 


Taxonomically all the above-named trees on Mackinac and on the lower 
peninsula represent the same species, and phenotypically they are, but physio- 
logically they differ with respect to demands on soil moisture and acidity. 
They represent as Turesson (1922) says the “reaction types.” The lower 
peninsula ecotypes of Thuja, Abies, Picea and Larix are characteristically 
hydrophytic and calcifuge while the Mackinac Island ecotypes are characteris- 
tically mesophytic to xerophytic and calcicole. Stapleton (1928) thinks that 
it is highly probable that in each phenotype there exist few or many “tesponse- 
to-differential-habitat types.” However, we think and write in terms of 
phenotvnes because they are readily recognized and described. From a forest- 
botanical standpoint these ecotypes with differences in requirements for soil 
moisture and reaction to acidity and temperature have received attention in 
Europe but according to Biisgen and Miinch (1929) knowledge on physio- 
logical soil races is still meagre. 


Recognition of ecotypes has in recent years led to the investigation of 
possible differences in the mycorrhizae associated with the same phenotypical 
species growing under different soil conditions. Jahn (1934) believes that 
certain apparently identical species of higher plants are capable of growing in 
both alkaline and acid soil because of a difference in the species constituting 
the mycorrhizal layer about the roots of trees and their influence on the soil 
reaction. He found a layer more loosely associated with the endotrophic and 
ectotrophic species which he termed the “peritrophic“ layer. This mycorrhizal 
layer has little significance with respect to the humus and the root but func- 
tions rather as a buffer area between the mineral soil and the roots. He 
compared the mycorrhizal components on the roots of beech, spruce and pine 
growing on soil of granitic origin with the apparent same species of trees 
growing on chalk soils and found a very different group of fungi associated 
on the roots. In basic soil acid-loving species formed the periphery of the 
peritrophic layer, these are capable of forming insoluble calcium oxalate, thus 
counteracting the action of the calcium ions in the buffer zone, so that the 
roots of the trees were really in a near neutral to slightly acid environment 
even though they grew in alkaline soil. 


Whether or not these mycorrhizal relationships are the sole factors 
operating to bring about the physiological ecotypes of trees only future 
investigations will disclose. The fact remains that the apparently identical 
species of conifers on Mackinac Island and on the lower peninsula of Michi- 
gan are opposites in their edaphic requirements for soil moisture and acidity. 
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Summary 


1. The paper presents an ecological survey of the vegetation of Mackinac 
Island, Michigan, bringing quantitative data on soil acidity, distributional 
and sociological factors operating in the forests, and describing physiological 
differences in the same coniferous species on the Island and the mainland of 
the lower peninsula. 


2. The outer rim of the island is controlled almost entirely by northern 
coniferous forest, and the central portion is dominated by northern hardwoods 
type forest. 


3. The coniferous forest is composed of Abies balsamea, Picea canadensis, 
Thuja occidentalis, associated with Betula papyrifera, and scattered individuals 
of Pinus strobus. 


4. Climatically the coniferous forest is favored as indicated by high repre- 
sentation of the coniferous species in the deciduous forest and abundant sun 


scald injury in Fagus and Acer. 


5. The dominant species in the deciduous forest are Acer saccharum, 
Fagus grandifolia, and Quercus borealis maxima. Associated as subdominants 
with these are Betula papyrifera, Abies balsamea, Picea canadensis and Thuja 
occidentalis, while Ostrya virginiana is the most common second layer tree. 


6. The deciduous forest has a well-developed shrub layer made up chiefly 
of Corylus rostrata in the centrally located stands and of Taxus canadensis in 
stands on the northeastern part of the island. 


7. Succession is short, proceeding from Juniperus communis var. depressa 
on the upland to the seedlings of the dominants of the adjacent forest, and 
from forbs to the seedlings of the dominants in the coniferous forest along the 


bare beaches. 
8. Bare areas are claimed primarily by species occupying adjacent areas. 
9. The soil of the whole island is from neutral to highly alkaline. 


10. It is held that Abies balsamea, Picea canadensis, Thuja occidentalis, 
Larix laricina on Mackinac are as a whole calcicole and mesophytic to xero- 
phytic ecotypes of the phenotypic species while those of the mainland on the 
lower peninsula are hydrophytic, calcifuge ecotypes. 
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The Botanical Features of the Life Zones of 
Crater Lake National Park* 


F. Lyle Wynd 


CONTENTS 


. The development of the concept of Life Zones 
. Effect of the Glacial Age in the present population of the Boreal Zones 
. Recent opinion concerning the Merriam concept of Life Zones 
. The Life Zones of Crater Lake National Park 
A. Hudsonian Zone 
B. Canadian Zone 


C. Transition Zone 


References 


1. The Development of the Concept of Life Zones 


Omitting from consideration the very first vague references in scientific 
literature, we may take as a point of departure the work of the Frenchman, 
Abbé Soulavie (1752-1813), who (7) made the first significant statement of 
the scope of plant geography (“La geographie de la Nature,” 1780, and 
“Histoire naturelle de la France merideonale,” published in 1780-84). Sou- 
lavie reports that as a young man he was taken to Lescrinet in 1774 for the 
benefit to be derived from mountain air. Here he received from his mother and 
aunt “the first suggestion of altitudinal zones of plant life.” In his “Histoire 
naturelle” he mentions that in his botanical collecting in the surrounding region 
he examined the stations of each species, “barometer and thermometer in 
hand.” The Abbé Soulavie would have been amazed could he have known that 
his simple observations “with barometer and thermometer in hand” would be 
verified, enlarged, and correlated into a useful body of scientific facts by a 
special division of the United States Government 120 years later. 


Before 1884, very little was known concerning the distribution of life 
forms in North America. The Zoologists had divided America into three 
“provinces” or “regions.” 1. The Eastern Province extended from the Atlantic 
to the middle-western plains. 2. The Central Province included the area of the 
great middle west from Eastern Province to the Sierra and Cascade Moun- 
tains. 3. The Western Province was the region west of these mountains. 


No two writers could agree on the boundaries or characteristics of these 
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Oregon in partial fulfillment of the requirements for the degree of Master of Arts. 
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“Provinces,” and to attempt to clear up the difficulty the Division of Ornithol- 
ogy of the United States Department of Agriculture under the direction of 
C. Hart Merriam attacked the problem. The work began with a collection of 
data on the distribution of animals and birds, and plotting the areas inhabited 
by the various species. 


Soon the need for extended field work was apparent. Consequently in 
1889, the Division of Ornithology conducted a biological survey of the San 
Francisco Mountain region of Arizona. This area was thought particularly 
significant because of its isolation, altitude, southern position, and the proxim- 
ity to an arid desert. 


The similarity of species indicated that the mountainous areas above 
timber line were related to the extreme northern circumpolar region of North 
America in their biological population, they were both referred to as “Arctic- 
Alpine.” Below timber line, there is a belt that corresponds theoretically to 
that transcontinental belt between the frozen North and the heavy timber of 
southern Canada. Hence, both were called “Hudsonian” Zone. Below the 
Hudsonian belt, a heavily timbered, rather moist forest is met on mountains 
and in various parts of southern Canada. This was therefore called the “Cana- 
dian” Zone. These three zones of northern floras and faunas, are often 


grouped together as “Boreal.” 


Biological types of the lower elevations were correlated with those of 


southern latitudes and were grouped together as “Austral.” 


2. Effect of the Glacial Age in the Present 


Population of the Boreal Zones 


The attempt to correlate circumpolar with circummontane life zones 
presents the problem of explaining how the far-northern plants and animals 
happen to be on the summits of southern mountains. The warm intervening 
valleys would prohibit their travelling thither by gradual dispersion. C. Hart 
Merriam (12) cites nine plants from the summit of San Francisco Mountain 
which are also found at Lady Franklin Bay, near northern Greenland. To be 
true, such exact correlation is remarkable, but not at all unusual. At Crater 
Lake, Oregon, there are many species, especially in the Hudsonian Zone, 
which are found in Alaska, northern Canada, and Siberia, e.g., Vaccinium 
myrtillus L. 


It is assumed that during the Pleistocene, these species were pushed south- 
ward. During this time, there were alternate Periods of warmth and cold. 
While the actual ice sheet did not reach as far south as San Francisco Moun- 
tain, the nine species mentioned above were enabled to travel gradually the 
remaining distance by normal dispersion. As the ice retreated, and the climate 
became warmer, these new atrivals from the north died out except on the high 
peaks where climatic conditions were still sufficiently Arctic in nature to enable 
them to survive. The first great freeze probably came many millions of years 
ago, but since that time there have been four great periods of glaciation, each 
bringing southward a northern flora and fauna. 
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The same factors discussed above also disturbed the forms now found in 
the other Boreal Zones. An example of a species being forced southward by 
the Ice Age is the Big Tree (Sequoia) of California (2). Previous to the 
glacial age the Big Tree grew as far north as the Arctic circle. Fossils of 
undoubted authenticity have established that fact that it grew at many places 
far north of its present range. The writer himself has examined fossil speci- 
mens of Sequoia from the vicinity of Bridge Creek in the Blue Mountains of 
eastern Oregon. The classic work of Fernald (5, 6) is the most complete 
statement available concerning the effect of glaciation in distribution. 


Long before the coming of the great ice sheets of the Glacial Age, Mc. 
Mazama was a fully developed volcanic peak (4). During this time it was 
probably one of the highest mountains in the western part of what is now the 
United States. It is interesting to note (21) that the human race was repre- 
sented only by the most primitive types at the beginning of the Glacial Age. 


Since the coming of the great ice sheets must have affected the distribution 
of the flora and fauna then existing on the earth, it would te of interest to 
determine how many of the species then living are still to be found living 
and growing as if nothing had happened. Dr. Frank Hall Knowlton (11) 
states that there have been only 250 fossil species of plants belonging to the 
Glacial Age found in North America. All but 20 of these plants are still 
alive and flourishing, even though their geographic distributions have under- 
gone some mighty changes. The largest number of fossil plants of this Age 
known from a single locality is the 80 species collected from the rocks near 
Toronto, Canada. Of this group only one is now extinct. 


From the above two instances it can be reasonably inferred (11) that of 
all the plants now living in the region glaciated by the ice sheets, at least 90 
per cent were existing then, and hence 90 per cent of the plant species now 
found in Boreal America were actually subjected to the influence of the four 
or five extensions of the Pleistocene ice cap. 


3. Recent Opinions Concerning Merriam’s Concept of Life Zones 


The concept developed by C. Hart Merriam and his associates that the 
geographical distributions of North American species of animals and plants 
could be grouped into a few major life zones, and that these zones could be 
related more or less closely to latitude and altitude based primarily due to 
temperature considerations have been very much criticized by recent ecologists. 
Weaver and Clements (23) believe that such a system is of little consequence 
from the viewpoint of natural vegetation since temperature is of less impor- 
tance than water for most native species. They cite the pertinent example that 
the Arid Transition includes such diverse types as grassland, yellow-pine 
forests, and sagebrush deserts. 

Ecologists generally either disregard or dismiss with scant consideration 
the concept of altitudinal life zones of the type postulated by Merriam, but 
the fact remains, in spite of much apparently valid criticism, that the western 
coast of North America, particularly the more mountainous regions, actually 
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do exhibit altitudinal zones similar to those described by C. Hart Merriam 
and his collaborators. These zones often can be mapped with considerable 
definiteness by the so-called “indicators” originally described by Merriam. The 
author has had a most favorable opportunity to study the flora of most of 
the higher mountains of the Cascade Range, and that of the coast of Oregon, 
Washington, and Alaska. It has become increasingly evident that these zones 
actually exist and can be readily observed by any field-trained taxonomist. It 
does not necessarily follow that the factors governing the boundaries of these 
zones be the factors originally postulated by Merriam. 


Jones (9) has called particular attention to the necessity of exact taxonomic 
knowledge and adequate field experience for any significant study of zonal 
distribution. He states, 


To the present writer it appears to be not altogether without significance that no 
serious criticism of the life zone concept has been made by students really familiar with 
the taxonomy and geographical distribution of plants or animals. On the contrary the 
chief criticisms have been made by writers whose other publications have not marked 
them as authorities in that branch of biological science. It is a truism to state that bio- 
geographical generalizations made without first-hand knowledge of the exact identities 
of the species concerned are, to say the least, worthless. 


Many recent authors of works on western plant and animal geography 
assume without question the validity of the Merriam Life Zones. Of these, 
the work of Smiley (22) on the flora of the Sierra Nevada Mountains of 
California and the magnificent work of Vernon Bailey (1) on the mammals 
and Life Zones of Oregon are of especial importance. For the Oregon region, 
this work of Bailey will undoubtedly remain as the classic one. Important 
floristic studies based on the Merriam concept of life zones also have been 
made by Jones of the flora of the Olympic Mountains (9) and of Mount 
Rainier, Washington, (10). 


4. The Life Zones of Crater Lake National Park 


The map of the Life Zones of Oregan published by Bailey (1) indicates 
a comparatively wide Hudsonian Zone completely encircling the Rim of 
Crater Lake, and all of the remaining area of the Park is considered to be 
Canadian. The Transition appears only on the lower slopes of the Cascade 
Mountains. It should be remembered that this map of Bailey’s cover a wide 
area and of necessity specific details of limited areas do not appear. The 
present paper concerns particularly the detailed study and mapping of the 
Life Zones of Crater Lake National Park as evidenced by the floral features 
of the region. 


Through the generosity of the Oregon chapter of the Sigma Xi, and the 
University of Oregon Research Committee, the author has had the opportun- 
ity of spending several summers studying the floral distribution of Crater 
Lake National Park. Every part of the Park was explored, and about 4,000 


specimens were collected over an atea of 249 square miles. The total number 
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of species was about 495, not including those of questionable taxonomic posi- 
tion. From the distribution of the more important species, the zonal map was 
prepared. The entire boundary length indicated on the map was verified by 
actual observation. The extraordinary instances of a boundary following topo- 
gtaphic contours for many miles are not based on generalization, but on actual 
continuous observation along the lines indicated. 


In Crater Lake National Park, the Hudsonian, Canadian, and Transition 
zones ate represented. From Table 1, it is seen that the zones on Mt. 
Mazama are from 1,200 to 2,500 feet higher than on Mt. Rainier. This is due 
to two reasons. 


Tas_e 1.—Comparison of the Zones at Crater Lake with those of Mt. Rainier. 


Zone 


Arctic Alpine 


Altitudinal range at 
Crater Lake 


Not represented 


Altitudinal range at 
t. Ranier 


From 6,000 feet to highest 


elevations 


Hudsonian From 6,250 upward to From 4,500 feet to about 
highest elevation 6,000 feet 

Canadian From about 5,500 to 6,250 From 3,000 feet to about 
feet elevation 4,500 feet 

Transition From the lowest elevation From the lowest elevations 


upward to about 5,500 ft. 


to about 3,0000 feet 


Phlox Douglasii Hook. 
Saxifraga Tolmiei Torr. & Gray 


Pinus albicaulis Engelm. 

Tsuga Mertensiana (Bong.) Carr. 

Luzula parviflora (Ehrh.) Desv. Phyllodoce glanduliflora (Hook.) Rydb. 

Luzula glabrata (Hoppe) Desv. Phyllodoce empetriformis (Smith) D. Don 

Eriogonum pyrolaefolium var. coryphaeum _-Penstemon rupicola (Piper) (Howell) 
Torr. & Gray Penstemon Menziesii var. Davidsonii 

Oxyria digyna (L.) Hill (Greene) Piper 

Ribes erythrocarpum Cov. & Leib. Eriogynia pectinata (Pursh) Hook. 

Agoseris alpestris (Gray) Greene 


Crater Lake is further south and this would of itself cause corresponding 
zonal temperatures to be found at higher elevations. It has been estimat 
that three degrees change in latitude has about the same effect on the temper- 
ature as 1,000 feet of elevation. Crater Lake, being nearly four degrees of 
latitude further south would be expected from this fact alone to have its 
corresponding zonal temperatures at 1,300 feet higher elevation. This accounts 
very nearly for the observed differences. 

Mt. Rainier has many large glaciers, which flow far down its slopes. The 
vicinity of these masses of ice would be lower in temperature than would be 
expected from the altitude and latitude alone. This accounts for the excep- 
tional and limited localities that have their zonal boundaries so much lower 
(2,500 feet) than the corresponding boundaries at Crater Lake, even after 
the correction has been made for the change in latitude. 


In the present treatment of the floral characteristics of Crater Lake 
National Park, the discussion is centered around certain habitats of which 
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the zones are composed. Without entering the complex discussion concerning 
the controlling factors of habitats, for the present treatment they are defined 
as limited areas so modified by local conditions such as moisture, light, soil, 
winds, etc. that their biological populations differ significantly from closely 
adjacent areas, but still contain the typical inhabitants of the zone in which 
they occur. 


An accurate and thoroughly scientific study of life zones would entail a 
careful analysis of all the factors affecting the distribution of all living forms 
of the region. Since the discussion here presented is botanical, observations 
concerning the fauna are omitted. and for the sake of brevity, only the more 
obvious plant indicators are included. 


A. HupDSONIAN ZONE 


Indicators—This is the area of deep forests of Tsuga Mertensiana 
(Bong.) Carr. At the very highest elevations this species may be replaced 
partly or entirely by Pinus albicaulis Engelm. The following plants occur 
chiefly in the Hudsonian Zone, and may be used for zonal indicators: 


Elevation—The Hudsonian Zone extends from elevations of about 6,250 
feet upwards to the highest altitudes in the Park. Mt. Scott, although 8,938 
feet high is still to be referred to this zone. It is true that on the highest 
peaks several Arctic-Alpine elements occur but not in sufficient numbers. 
either in species or individuals to indicate a definite Arctic-Alpine group. 


Irregularities —On the southeastern slope of the Rim, the warm winds 
from the east cause the typical plants of this group to occur only at the higher 
elevations, and consequently the Hudsonian Zone is not typically represented 
in that section of the Park. These irregularities are represented on the map. 


Habitats—The following habitats make up the integral parts of the Hud- 
sonian Zone. 


. White Bark Pine Forest 

. Pumice Slopes of the. Highest Elevations 
Mountain Hemlock Forest 

Stream Sides 

Pumice Slopes of the lower Elevations 

. Talus. including all Rocky Exposures 
Swamps 


moO 


a. White Bark Pine Forest—As the name indicates, this is the area in 
which Pinus albicaulis Engelm. is the predominating forest tree. It is most 
clearly marked on Mt. Scott and on Cloud Cap above an elevation of 7,500 
feet. Usually this forest forms a more or less distinct belt above the Moun- 
tain Hemlock (Tsuga Mertensiana (Bong.) Sarg.). It is therefore the very 
highest habitat of the Hudsonian Zone. 


The most important feature of the ground cover is Lazula glabrata 
(Hoppe) Desv. This species appears to thrive only in the shade of coniferous 
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trees. It often forms very sharply defined patches in the vicinity of a group 
of conifers. It grows throughout the forested areas of the Hudsonian Zone 
and is not restricted to an association with any particular conifers. A few 
gtasses occur scatteringly. They never form an important part of the ground 
cover. The commonest species are Poa stenantha Trin., Trisetum spicatum L., 
Sitannon hystrix (Nutt.) J. G. Smith, and Stipa occidentalis Thurb. There 
seems to be some species of Carex that will grow in every conceivable locality. 
The common species here is Carex Breweri Boott. 


Ribes erythrocarpum Cov. & Leib. is a very important plant of this group. 
It is a low, creeping shrub known only from Crater Lake National Park and 
the immediate vicinity. It has the same preference for the shade of coniferous 
trees as do the species of Luzula. This close association with Pinus albicaulis 
(Engelm.) might be a serious problem should the White Pine Blister Rust 
ever be introduced into the locality. Fortunately the Blister Rust has not been 
reported for this region. Since this Ribes is known only in the Crater Lake 
region, nothing is known yet as to its ability to act as an intermediate host 
for the disease. 


In the more exposed places the important species are Lupinus Lyallii Gray, 
Machaeranthera eradiata Howell, and Eriogonum umbellatum Torr. This 
latter species grows throughout the Hudsonian and Canadian Zones. The 
only member of Cruciferae occurring at this high elevation is an unidentified 


species of Arabis. 
b. Pumice Slopes of the Highest Elevations—The flora of these limited 


areas is not extensive either in respect to the number of species or in the 
number of individuals, but those that do exist on these unbelievably dry slopes 
of pumice have a brilliance of color and a strangeness of aspect that cannot 
be duplicated anywhere in the Park area. 


This habitat occurs typically only on the summit of Llao Rock and at 
scattered places on the northeastern part of the Rim from the Wineglass to 
Sentinel Point. The elevations are usually from 7,500 to 8,000 feet. The 
“soil” is composed entirely of fine pebbles of pumice. It is a matter of wonder 
how plants can obtain enough moisture from these high and dry slopes to 
sustain life. There can be no draining from higher elevations, and the drying 
winds and burning sun remove what moisture that may have remained from 
the winter snows. These pumice slopes are usually slanting toward the lake, 
and are therefore essentially a part of the inner face of the Rim. 


The typical plants are Mimulus nanus Hook. & Arnold, Penstemon glaber 
Pursh, Senecio canus Hook., Gilia congesta var. palmifrons (Rydb.) Brand, 
Phacelia heterophylla var. pygmaea Jepson, Eriogonum ovalifolium Nutt., 
Antennaria Geyeri Gray, and Eriophyllum multiflorum (Nutt.) Rydb. The 
species listed above occur only on these high pumice slopes. Other characteris- 
tic species not so definitely limited are Phlox Douglasii Hook., Hulsea nana 
Gray, Machaeranthera eradiata Howell, Lupinus Lyallii Gray, and Stipa 
Elmeri Piper & Brodie. 
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Botrychium pumicola Cov. deserves special mention. This distinctive 
species is known only from its type locality, the very summit of Llao Rock 
and from a few adjacent areas. Only a few dozen living specimens exist and 
these are limited to an area of but a few square yards. The aerial portion of 
the plant is but a single frond an inch or two across. It lies flat on the soil 
and its grayish color so nearly matches the pumice that only the sharpest eyes 
can detect it. This is but one of the many species of plants which are known 
only from the vicinity of Crater Lake. 


c. Mountain Hemlock Forest—-The Mountain Hemlock forest is so 
extensive as to comprise practically the entite area of the Hudsonian Zone. 
It is so extensive and typical that it may be considered as an indicator of the 
zone itself, not only at Crater Lake, but throughout the northwestern part of 
the United States. The area indicated as the Hudsonian Zone on the map is 
therefore essentially that of the Mountain Hemlock forest. It covers most of 
the Rim and its outer slopes, as well as those of the more important hills and 
mountains in the Park. It is included between the approximate elevations of 


6,250 and 7,500 feet. 

The forest cover consists either of a pure stand of Tsuga Mertensiana 
(Bong.) Sarg. or of a mixture of this species and Abies nobilis Lindl. There 
is little or no underbrush. The most conspicuous species of the ground cover 
are Luzula glabrata (Hoppe) Desv., Ribes erythrocarpum Cov. & Leib. These 


two species frequently form an almost continuous mat over the earth. 


In the deeper shade one may find Corallorrhiza Mertensiana Bong. and 
Ophrys caurina (Piper) Rydb. Other typical species are Rubus lasiococcus 
Gray, Osmorhiza nuda Torr., Pyrola picta Smith, Pyrola secunda L., Chima- 
phila umbellata (Linn.) Bart., and Chimaphila Menziesii (R. Br.) Spreng. 

In the sunnier glades, the common species are Phacelia heterophylla 
Pursh, Epilobium alpinum L., Senecio triangularis Hook. and Aster ledophyl- 
lus Gray. 


d. Stream Sides——Innumerable small streams have their sources on the 
slopes of Mt. Mazama. Along these mountain brooks there is a very luxuriant 
vegetation. The number of species represented is large and among them one 
may find the most beautiful of all mountain flowers. It is a regrettable fact 
that the roads of the Park are so located as to prevent tourists from discover- 
ing the profusion of wild flowers that may be found along these streams. It is 
this unfortunate citcumstance that has caused Crater Lake Park to be spoken 
of as having fewer flowers than almost any other National Park. In the discus- 
sion that follows, only a few of the more conspicuous species are mentioned. 
The elevations are roughly those of the Hudsonian Zone although it is rare 
for a stream to have its origin at an elevation greater than 6,800 feet in this 
region. 

The common species are Lupinus latifolius var. ligulatus (Greene) C. P. 
Smith, Mimulus Lewisii Pursh, Mimulus gutattus D.C., Mimulus primu- 
loides Benth., Spiraea densiflora Nutt., Silax orestera Schn., Pedicularis 
groenlandica Retz., Arnica longifolia D.C., Arnica cordifolia Hook., Habe- 
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naria saccata Greene, Habenaria dilatata (Pursh) Hook., Epilobium Horne- 
manni Reichenb., Veronica alpina L., Mitella Breweri Gray, Aconitum colum- 
bianum Nutt., and Senecio triangularis Hook. 


e. Pumice Slopes of the Lower Elevations —Nearly all the unforested 
areas of the Rim are included in this habitat. It occurs between the elevations 
of 6,250 feet, which is the average lower boundary of the Hudsonian Zone, 
and 7,500 feet. The areas usually are small patches of ten to several hundred 
acres in extent and scattered throughout the Mountain Hemlock forest. The 
soil in all cases is composed of uniformly small sand-like particles of pumice. 
The flora, as is that of the Pumice Slopes of the Higher Elevations, rather 
limited but distinctive. It lacks, however, the beautiful display of color for 
which the higher slopes are especially remarkable. 

In the earliest part of the season, as soon as the melting snow exposes 
patches of bare ground, Claytonia lanceolata Pursh appears in prodigious 
numbers. Perhaps the most notable species in the entire Park is Phlox Doug- 
lasii Hook. Often in the earlier and middle part of the season, the terrain is 
veritably covered with the clusters of pale lavender flowers of this plant. 

Other characteristic species of this habitat are Lupinus Andersoni Wats., 
Lupinus Lyallii Gray, Arenaria pumicola Cov. & Leib., Erigonum umbellatum 
Torr., Eriogonum pyrolaefolium var. coryphaeum Torr. & Gray, Polygonum 
Newberryi Small, Orthocarpus pilosus Wats., Arabis platysperma Gray, 
Spraguea umbellata Torr., Agoseris alpestris (Gray) Greene, and Aster 
ledophyllus Gray. 


f. Talus Slopes, Including All Rocky Exposures—This habitat includes 
the talus slopes and the higher and rockier parts of the Rim. The finest 
example of a talus slope is that of Castle Crest which is east of Perk Head- 
quarters. The slopes of the Watchman and Hillman Peak, while not techni- 
cally talus are inhabited by a typical talus flora. The talus slope of Castle 
Crest is approximately between the elevations of 6,600 and 7,500 feet. Only 


on its lower slope does it exhibit a noticeable flora. 


The typical species consists of Pulsatilla occidentalis (Wats.) Freyn., 
Arnica longifolia D.C. Eaton, Potentilla glandulosa Lindl., Anaphalis margar- 
itaceae vat. subalpina Greene, Epilobium angustifolium L., Alnus sinuata 
(Regel.) Rydb., Vagnera amplexicaulis var. glabra (Macb.) Abrams, Actea 
spicata var. arguta (Nutt.) Torr., Vaccinium membranaceum Dougl., and 
Sorbus cascadensis G. N. Jones. 


The rocky exposures as represented on the Watchman and Hillman Peak 
have several species that are not found anywhere else in the Park. The eleva- 
tion of thse localities is between 7,500 and 8,000 feet. This in itself may 
account for the specific nature of the flora that occurs there. The Yellow 
Heather (Phyllodoce gladuiflora (Hook.) Rydb.) and the Pink Heather 
(Phyllodoce empetriformis (Smith) D. Don may both be found here. The 
Alpine Saxifrage (Saxifraga Tolmiei Torr. & Gray) grows in dense clumps 
among the boulders. 
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g. Swamps.—The swampy areas in the Park are extremely limited in 
number and extent. Immediately above Park Headquarters, however, there is 
quite an extensive bog, while the largest swamp in the Hudsonian Zone is 
about one-half mile below Headquarters and comprises several hundred acres. 
In many places in this latter locality the undecayed dead organic matter has 
raised the level of terrain so far above the surrounding level that the water 
has drained out in some new place leaving the original bog high and dry. 
These self-drained areas have the appearance of small islands here and there 
in the main body of the swampy area. Almost invariably they are densely 
covered with rank growth of Carex. From a distance one might easily think 
this growth to be of grasses, but a careful examination of this large swamp 
fails to disclose anw noticeable quantity of grass although a few delicate and 
inconspicuous species do grow along the very edges of the streams that cut 
across the swamp in several places. 


The flora of this and of other swampy places of the Hudsonian Zone is 
not greatly different from that of the stream sides. The most apparent differ- 
ences are the dense growth of Carex, and the occurrence of Allium validum 
Wats. The typical flora consists of Carex (many species), Salix orestera 
Schn., Pedicularis groenlandica Retz., Lupinus latifolius var. ligulatus 
(Greene) C. P. Smith, Habenaria dilatata (Pursh) Hook., Habenaria 
saccata Greene, Senecio triangularis Hook., Aconitum columbianum Nutt., 
Ranunculus Gormani Greene, Eleocharis rostellata Torr. 


B. CANADIAN ZONE 


Indicators —At Crater Lake, the Canadian Zone is the area in which the 
forest cover is predominantly of Pinus contorta Loud., and Pinus monticola 
Dougl. These two species are so restricted in their zonal range that they are 
very dependable indicators. The typical plants of this zone which may be used 


to define its extent are: 


Hypericum Scouleri Hook. Viola adunca Smith 

Pinus contorta var. Murrayana (Balf.) Hypericum anagalloides Cham. & Schlecht. 
Engel. Gentiana simplex Gray 

Pinus monticola Dougl. Pterospora andromedea Nutt. 


Spiranthes Romanzoffianum Cham. & Schl. 


Elevation.—This zone extends roughly between the altitudes of 5,500 and 
6,250 feet. The life forms of the Canadian Zone are very confusing, and for 
this reason it might be properly defined as the belt between the Tsuga merten- 
siana (Bong.) Sarg. forest above, and the Pinus ponderosa Dougl. forest 
below. It would then include a belt from 750 to 1,000 feet in altitudinal 
width, completely encircling the Rim. 


Irregularities —On the northeast side of the Park, the typical Canadian 
flora extends upward to the very edge of the Rim in three different places. 
The greatest altitude reached at this place is about 7,999 feet. This unusual 
upward extension may be explained by the fact that prevailing winds of the 
region blew toward the Lake from the lower levels of the Klamath Indian 
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Reservation. In this way the Rim of the Lake is made warmer by the less 
frigid air of the lower levels. 


It is also worthy of note that the Canadian flora is in a measure limited 
by factors of topography as well as those of temperature. As represented in 
the Park, this zone is almost exclusively made up of level terrain. Strange 
though it may seem, the local Canadian flora does not seem to thrive on steep 
hillsides, regardless of the elevation. An interesting example of this may be 
read from the map just east of Union Peak. Here, there is quite a large area 
that is almost perfectly level but at an altitude of about 6,500 feet. This is 
not an unusual altitude for the Canadian to reach but it is unusual in the fact 
that it is completely surrounded by the typical Hudsonian forest even on the 
eastern side where the topography is considerably lower. The narrow belt of 
Hudsonian forest that cuts across the head of Pole Bridge Creek and thereby 
separating the above mentioned Canadian area (see map) from the main body 
of the Canadian Zone is on a steep and rock terrain and it is this feature 
that seems to prevent Canadian flora of Pole Bridge Creek from extending 
continuously upward and meeting the isolated area of a similar flora above. 


In Munson Valley, Sand Creek Valley, and Bear Creek Valley, this zone 
extends some distance upward from its average upper limit. This is to be 
expected since the warm winds normally blow up a valley thereby warming 


the upper part. 


Habitats —The Canadian Zone may be considered as being made up of 
the following habitats: 


a. Lodgepole Pine Forest c. Desert 
b. Stream Sides d. Wizard Island 
e. Phantom Ship 


a. Lodgepole Pine Forest—The Lodgepole Pine Forest covers practically 
the entire area of the Canadian Life Zone as represented in Crater Lake 
National Park. It is mostly level terrain. The soil is a uniform, fine pumice 
dust. The altitudinal range is that of the Canadian Zone, that is, between the 
elevations of about 5,500 to 6,250 feet. 


The flora of this habitat is rather limited both as to species and individuals. 
In many places the earth is perfectly devoid of any sort of vegetation. These 
barren places are often found of considerable extent especially in the region of 
former burned areas. The Lodgepole Pine itself is the most conspicuous inhab- 
itant. This tree occurs so generally in the Canadian Zone of this locality that 
it is perhaps the best indicator of the zone as a whole. There are but two 
shrubs that occur at all commonly. These are Ribes cereum Dougl. and Ribes 
viscosissimum Pursh. Pinus monticola Dougl. occurs in considerable numbers 
in the Lodgepole Pine forest, especially along the streams and canyons. While 
the two currents mentioned above are not extremely common, they do occur 
in sufficient numbers to present a real problem should the White Pine Blister 
Rust become established in the vicinity. 


The ground cover is predominantly of one species of Sedge (Carex inops 
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Bailey). This is the species that forms the grass-like meadows that are common 
in the Lodgepole Pine woods. With the exception of the trees, this is the most 
common plant found in this habitat. Several species of grasses occur but never 
in any great quantity. The most common are Phleum alpinum L., Elymus 
glauca Benkl., Poa pratensis L., Sitanion hysterix (Nutt.) Smith anc Agros- 
tis palustris Huds. The most common flowering plants are Macronema 
Greenei (Gray) Greene, Solidago elongata Nutt., and Lupinus Andersoni 
Wats. 


b. Stream Sides—The stream sides of the Canadian Zone are very similar 
to those of the Hudsonian except that a smaller number of species is repre- 
sented. They thus differ from those of the Hudsonian mostly in the species 
not represented rather than in characteristic species of their own. For instance, 
Pedicularis groenlandica Retz. is characteristic of the Hudsonian Stream sides 
but only occuts along the streams of the Canadian Zone. 


The most common species of shrubs are Salix orestera Schn., Lonicera 
involucrata (Richatds.) Banks, and Vaccinium occidentale Michx. 


As examples of species characteristic of the stream sides of both the 
Hudsonian and Canadian Zones, the Aconitum columbianum Nutt., Lupinus 
latifolius var. ligulatus (Greene) Smith, Senecio triangularis Hook., and 
Aster Engelmanii var. ledophyllus Gray may be cited 


The Canadian stream sides on the eastern side of the Park are distinctive 
in the luxuriant growths of Solidago elongata Nutt. The stream near the lost 
Creek Ranger Station has a flora especially typical of this habitat. The sedges 
are represented by Carex athrostachys Olney, Carex festivalla Mack., Carex 
Kelloggii Boott., and Carex neurophora Mack. Three species of rush occur: 
Juncus Regellii Buch., Juncus Mertensianus Bong., and Juncus Drummondii 


Meyer. 


The stream that crosses the South Entrance Road about three miles below 
Annie Spring (Pole Bridge Creek) has several species on its banks that are 
vety characteristic. They are Spiranthes Romanzoffianum Cham. & Schl., 
Madia Bolanderi Gray, and Gentiana simplex Gray. This tream is so close to 
the upper limit of the Canadian Zone that a great many typical Hudsonian 
plants are found there. 


c. Desert—The only desert area of consequence in the Park is Pumice 
Desert which lies north of Llao Rock. This desert is several miles across. The 
road from Crater Lake to Diamond Lake passes directly across it, thus bringing 
it to the attention of a great many tourists. The elevation of this habitat is 
about 6,000 feet. 

The soil is the same uniform, fine pumice dust that covers most of the 
Park region. The moisture content is very low. There are no streams and very 
little drainage from the surrounding terrain. The effect of extreme aridity is 
much the same as that of frigidity, therefore, one would expect the flora of this 
habitat to be characteristic of the higher altitudes. A strict consideration of the 
flora that occurs on Pumice Desert would indicate the general Hudsonian 
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types, and a close relationship to the Pumice Slopes of the lower elevations, 
but owing to the low elevation it is here treated as a part of the Canadian Zone. 


There is an extremely limited number of species. Of these Eriogonum 
umbellatum Torr., and Polygonum Newberryi Small are the most common. 
In no place does the vegetation completely cover the ground. The above species 
are present only in scattered clumps. At various places there are quite exten- 
sive growths of Carex Breweri Boott. Although Hulsea nana Greene is a 
typical high mountain plant, it occurs in considerable numbers as also does 
the high alpine form of Spraguea umbellata var. caudicifera Gray. Arabis 
platysperma Gray, and Arenaria pumicola Cov. & Leib. are the only other 


species that are at all common. 


d. Wizard Island—Wizard Island is about one mile in diameter and 
considerably more than three miles around. Its greatest altitude is 6,940 feet. 
The shore line is approximately at an elevation of 6,177 feet above sea level. 

It is a stretch of the imagination to say that any soil occurs on Wizard 
Island. It is composed entirely of angular boulders of andesite. On the 
upper slope the “soil” is made up of the same material, but of much smaller 
pieces giving the part of the cone the appearance of cinders. There is no 
water on the island except that which falls as rain and snow. It is indeed a 
mystery how the scanty forest cover and other vegetation obtain enough 
moisture and plant food to sustain life. To all appearances their roots have 
nothing except perfectly dry and hard boulders in which to imbed themselves. 

On the outer slopes of Mt. Mazama the Hudsonian Life Zone begins at 
about 6,250 feet elevation, and above this level the forest cover is usually 
predominantly Tsuga Mertensiana (Bong.) Sarg., but on Wizard Island there 
is no such transition as in the type of forest cover. It may definitely be classi- 
fied as being typical of the Canadian Life Zone as indicated by the presence 
of Pinus monticola Dougl. even on the very rim of the extinct crater. How- 
ever, as one might expect, those specimens growing at the higher part of the 
island are somewhat scrubby and only rarely produce normal cones. This 
unusual upward extension of the Canadian Life Zone may be interpreted by 
considering the fact that the island is sheltered from cold and drying winds 
by the high cliff walls of the Rim of Crater Lake which surround it. 


The most common trees on Wizard Island are Pinus monticola Dougl., 
and Abies nobilis Lindl. These occur in a mixed stand over most of the island. 
There are a few specimens of Tsuga Mertensiana (Bong.) Sarg., especially 
on the northwest slope, but the forest is not predominantly of this species at 
any place on the island and consequently the Life Zone may be referred to 
the Canadian rather than the Hudsonian. 

The most conspicuous feature of the ground cover is Arctostaphylos 
nevadensis Greene. In many places, especially near the summit, this species, 
together with Castilleja pinetorum Fernald and Penstemon Menziesii var. 
Davidsonii (Greene) Piper form the only conspicuous species. 

So much interest is shown by tourists and botanists alike concerning the 
flora of Wizard Island that it is completely listed. 
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Polypodiaceae Holodiscus discolor var. glabrescens 
Cheilanthes gracillima Eaton (Heller) Jepson 
Pinaceae Umbelliferae 
Pinus contorta var. Murrayana (Balf.) Cogswellia Martindalei (Coult. & Rose) 
Engel. Jones 
Pinus monticola Dougl. Ericaceae 
Abies nobilis Lindl. Pyrola picta Smith 
Tsuga Mertensiana (Bong.) Sarg. Pyrola dentata Smith 
Gramineae Pyrola secunda L. 
Stipa californica Merr. & Davy Allotropa virgata Torr. & Gray 
Lolium perenne L. Arctostaphylos nevadense Greene 
Poa stenantha Trin. Hydrophyllaceae 
Juncaceae Phacelia heterophylla Pursh 
Juncus Drummondii Meyer Phacelia heterophylla var. pygmaea 
Polygonaceae Jepson 
Eriogonum pyrolaefolium var. coryphaeum Scrophulariaceae 
Torr. & Gray Penstemon Menziesii var. Davidsonii 
Eriogonum umbellatum Torr. Piper 
Polygonum Newberryi Small Pendicularis racemosa Dougl. 
Ranunculaceae Castilleja pinetorum Fernald 
Pulsatilla occidentalis (Wats.) Freyn. Orthocarpus pilosus Wats. 
Aquilegia formosa Fisch Compositae 
Dicentra formosa (Andr.) Walp. Agoseris alpestris (Gray) Greene 
Arabis platysperma Gray Hieracium albiflorum Hook. 
Rosaceae Hieracium cynoglossoides var. nudicaule 
Gray 


Eupatorium occidentale Hook. 


e. Phantom Ship—The Phantom Ship is a small, jagged island which 
lies very close to the shore in the southwest corner of the Lake. It is about 
160 feet high and its walls are almost perpendicular. There is no soil on the 
island. The plants that live there ate those which gain a meager existence from 
the rock crevices. But even under these unfavorable conditions a surprisingly 
large number of species occur. 


Like Wizard Island, the Phantom Ship may be referred to the Canadian 
Life Zone even though this zone does not normally extend to such a high 
elevation. The fact that the island is surrounded and in a measure protected 
by the high walls of the Lake Rim accounts for the unusual upward extension 
of the Canadian Zone. 


The best thriving tree is Pinus monticola Dougl. This fact, together with 
the occurrence of other species of the lower altitudes determines the zone to 
which it is referred. Other species of trees are Pinus ponderosa Dougl., Tsuga 
Mertensiana (Bong.) Sarg., and Abies nobilis Lindl. The fact that the Pinus 
ponderosa Dougl. is found on the island, even though the specimens are 
stunted and do not seem to produce normal cones, indicate the protective 
influence of the high walls of the Rim. In the vicinity of the Park this species 
does not normally grow at elevations over 5,500 feet unless some local condi- 
tion exerts a protective influence. 


The most conspicuous plant on the island is Polemonium viscosum vat. 
elegans Brand. It grows everywhere in the crevices of the cliffs. While it may 
be found at other places in the Park, nowhere does it grow in such profusion 
as in the barren cliffs of the Phantom Ship. Another striking species is Pen- 
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stemon rupicola Howell. It is a typical plant of the rocky cliffs throughout the 


Park. 
The following complete list indicates the unexpected variety of plants 
growing on this pinnacle of rock: 


Hulsea nana Greene Cotyledon oregonensis Wats. 
Raillardella argentea Greene Saxifragaceae 
Arnica Chamissonis Less Ribes lacustre (Pers.) Poir 
Polypodiaceae Ribes cereum Dougl. 
Cheilanthes gracillima Eaton Rosaceae 
Pellea densa Hook. Holodiscus discolor var. glabrescens 
Pinaceae (Heller) Jepson 
Pinus ponderosa Dougl. Amelanchier florida Lindl. 
Pinus monticola Dougl. Hydrophyllaceae 
Pinus contorta var. Murrayana (Balf.) Phacelia heterophylla Pursh. 
Engel. Polemoniaceae 
Tsuga Mertensiana (Bong.) Sarg. Polemonium viscosum var. elegans Brand 
Abies nobilis Lindl. Scrophuloriaceae 
Gramineae Castelleja pinetorum Fernald 
Elymus glauca Benkl. Penstemon rupicola Howell 
Bromus marginatus Nees Compositae 
Liliaceae Agoseris laciniata (Nutt.) Greene 
Smilacina amplexicaulis var. glabra Antennaria dioica (L.) Goertn. 
Macbr. Hieracium albiflorum Hook. 
Cruciferae Anaphalis margaritaceae var. subalpina 
Arabis sp. Gray 
Crassulaceae Eupatorium occidentale Hook. 


C. TRANSITION ZONE 


Indicators —The Transition Zone is indicated primarily by Pinus ponder- 
osa Dougl. It is the most sharply delineated of any zone that is found at 
Crater Lake. This is the belt of dense underbrush. 


The number of characteristic species is quite large. The following list 
indicates the most common: 


Pinus ponderosa Dougl. Fritillaria atropurpurea Nutt. 

Pinus lambertiana Dougl. Iris californica Leicht. 

Abies concolor Lindl. Habenaria unalaschensis (Spreng.) Wats. 

Pseudotsuga mucronata (Raf.) Sudw. Populus tremuloides Michx. 

Tsuga heterophylla (Raf.) Sarg. Corylus californica (A.DC.) Rose 

Thuya plicata D. Don Alnus tenuifolia Nutt. 

Libocedrus decurrens Torr. Clarkia rhomboides Dougl. 

Pteridium aquilinum var. pubescens Apocynum androsaemifolium var. pumilum 
Underwood Gray 


Elevation—The elevationsare from the lowest levels in the Park to about 
5,500 feet. 


Irregularities —On the South Entrance Road, one may observe near the 
entrance to the Park that the Yellow Pine (Pinus ponderosa Dougl.) ascends 
fully half a mile further toward Annie Spring on the east side of the Annie 
Creek Canyon than it does on the west side. This may be because the east 
side of the canyon has a southern exposure to the sun, thereby becoming sufh- 
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ciently warmer. The same feature may also be seen near the west entrance. 
Here is is the north side of Castle Creek Canyon that has a southern exposure, 
and the consequent upward extension of the Yellow Pine. 


The bottoms of the deep canyon of the Transition Zone would naturaily 
be somewhat warmer than the corresponding elevations on the level terrain. 
The Transition flora, therefore, extends upward to a somewhat higher elevation 
in the canyons than at other places. 


Hc'*tats—The Transition Zone is usually divided into the Arid Transi- 
tion which is typically the forest of Pinus ponderosa Dougl., and the Humid 
Transition which is typically the forest of Pseudotsuga mucronata (Raf.) 
Sudw. Ordinarily the Arid and Humid subdivisions form distinct belts, one 
above the other, but at Crater Lake, the Humid canyons cut through the 
otherwise typically Arid belt and disturb this relationship. Consequently these 
very distinct ecological groups are here considered habitats of the larger zonal 
area. Three habitats are recognized: 

a. Yellow Pine Forest 


b. Moist Canyons 
c. Open Slopes 


a. Yellow Pine Forest—The area of Pinus ponderosa Dougl. which occurs 
near the south entrance to the Park may be taken as typical of the vegetation 
which one may find in this habitat. The soil is of fine volcanic dust. This 
layer of dust is very deep, often having a depth of two or three hundred feet. 


The most conspicuous feature is the Yellow Pine itself. Abies concolor 
Lindl. also grows to perfection. This is the only Fir growing in the Yellow 
Pine forest of this Crater Lake habitat. 


This is the zone of thick underbrush, which almost always is a dense 
thicket of Ceanothus velutinus Dougl. So dense is this underbrush that often 
one finds it difficult to force a way through. Scattered through this brush, 
Prunus emarginata (Dougl.) Wolp. is also quite common. Salix sitchensis 
Sanson and Salix Scouleriana Barratt also contribute a considerable share of 
the cover of underbrush. 

The ground cover is made up of quite a large number of species. A «-«im- 
plete list would be large and cumbersome, consequently we mention only a few 
of the most conspicuous that may be observed near the south entrance. Of 
these the Chimaphila umbellata (Linn.) is the most noticeable. In the sunnier 
spots, Fragaria virginiana var. Grayana Rydb., Smilacina amplexicaulis var. 
glabra Macbr. and Arctostaphylos nevadensis Greene are also conspicuous. 
There are quite a large number of grasses found scatteringly throughout the 
Western Yellow Pine forest but nowhere are they an important feature of the 
vegetation. 

The following list is a more complete representation of the typical flora. 
Only the more noticeable species have been included. Pinus ponderosa Dougl., 
Pinus Lambertiana Dougl., Abies concolor Lindl., Pseudotsuga mucronata 
(Raf.) Sudw., Dactylis glomerata Linn., Stipa californica Merr. & Davy, 
Melica aristata Thurb., Elymus glaucus Benkl., Bromus marginatus var. 
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seminudus Shear., Smilacina amplexicaulis var. glabra Macb., Habenaria un- 
alaschensis (Spreng.) Wats., Salix sitchensis Sanson, Salix Scouleriana Bat- 
ratt, Populus tremuloides Michx., Populus trichocarpa Tort. & Gray, Eriogo- 
num spergulinum Gray, Eriogonum umbellatum Tort., Arenaria macrophylla 
Hook., Aquilegia formosa Fisch., Ribes ceream Dougl., Ribes viscosissimum 
Pursh., Urunus emarginata (Dougl.) Wolp., Rosa gymnocarpa Nutt., Fragaria 
virginiana var. Grayana Rydb., Ceanothus velutinus Dougl., Gayophytum 
diffusum Torr. & Gray, Epilobius angustifolium L., Chimaphila umbellata 
(Linn.) Nutt., Pyrola secunda L., Arctostaphylos nevadensis Greene, Arcto- 
staphylos patula Greene, Apocynum androsaemifolium var. pumilum Gray, 
Kellogia galioides Torr., Galium triflorum Michx., Lonicera conjugialis Kell., 
Stephanomeria lactucina Greene, Hieracium albiflorum Hook. 


b. Moist Canyons.—The moist canyons of the Transition Zone have the 
floral types that are usually referred to as typical of the Humid Transition 
Zone, but owing to the limited extent of those areas in the Park, they are here 
treated as a habitat of the Transition Zone rather than a zone in itself. 


Perhaps the best representation of this habitat is to be found in the canyon 
of Annie Creek near the southern entrance. The canyon of Castle Creek near 
the west entrance is also thoroughly typical although a very much smaller 
number of species are represented. 

The trees are the best indicators of this flora, of which Pseudotsuga 
mucronata (Raf.) Sudw. is the most typical. There is usually quite a dense 
growth of underbrush which is made up of Acer glabratum Hook., Alnus 
tenuifolia Nutt., Salix sitchensis Sanson, Rubus parviflorus Nutt., and Rubus 
leucodermis Dougl. 


Ribes lacustre (Pers.) Poir is also extremely common. Sometimes the 
dense growths of their branches form almost impassable thickets. The presence 
of this Gooseberry in the canyons does not present a serious problem to possi- 
ble future White Pine Blister Rust control because there are no five-needle 
pines in the immediate vicinity. Pinus Lambertiana Dougl. grows very scatter- 
ingly in the Western Yellow Pine forest on the level terrain that surrounds 
the canyons. The important stands, however, are at a considerable distance 
from the ribes infested canyons and are therefore safe from Blister Rust 
infection from this Ribes. 

The ground cover is composed of quite a long list of species which are 
found only in this habitat. One of the most important of these is Athyrium 
filix-foemina (L.) Roth. Pteridium aquilinum var. pubescens Under. is the 
only other fern that is at all common in the moist canyons. Both of the above 
ferns have a very wide range and they occur in some form or other over most 
of the world. Adenocaulon bicolor Hook. may be found in this and other 
habitats of the Transition Zone. 

The following list includes the most common and typical plants of this 
habitat: Equisetum arvense L., Thuja plicata D. Don, Librocedrus decurrens 
Torr., Clintonia uniflora (Schult.) Kunth., Smilacina sessilifolia Nutt., Cory- 
lus californica (A. DC.) Rose, Sagina linnaei Presl., Vancouveria hexandra 
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(Hook.) Morr. & Dec., Achlys triphylla (Smith) DC., Rosa gymnocarpa 
Nutt., Hypericum anagalloides Cham. & Schl., Pyrola rotundifolia var. incar- 
nata DC., Stachys bullata Benth., Mimulus guttatus DC. 


c. Open Slopes—The above term is intended to refer to the gentle slopes 
aiong the western boundary of the Park. The flora is very confusing in this 
locality because of the disturbing effect of severe and repeated ‘orest fires. 
The original timber cover being almost entirely destroyed, Pinus contorta var. 
Murrayana (Balf.) Engelm. has established itself from the seed trees of 
higher elevations. This would indicate superficially the Canadian Zone, but 
where such potent distributional factors have been recently active, one v ould 
expect many anomalies of distribution to become evident. Also, a large 
number of species have followed the many streams upward beyond their 
normal elevational limit. Consequently since the original flora has been 
destroyer by fire, and since the new flora is being made up of the elements 
pushing in from higher and lower altitudes, we may find a most varied and 
interesting collection of floral types. To refer it to a definite zone is impossible, 
but after a study of the predominating species it seems to be most typical of 
the Transition. 


The floral types are so varied and scattered that a list of definitely typical 
species would be difficult to arrange. 


4 5. Summary 


1. Three of the Merriam Life Zones are recognized at Crater Lake, the 
Hudsonian, Canadian, and the Transition. 


2. The Hudsonian includes areas above the elevation of about 6,250 feet. 
The Canadian extends from about 5,500 to 6,250 feet. The Transition extends 
from the lowest levels in the Park upward to about 5,500 feet elevation. 


3. The Hudsonian Zone corresponds to the forest of Tsuga Mertensiana 
(Bong.) Sarg. and Pinus albicaulis Engelm.; the Canadian Zone to the 
Pinus contorta var. Murrayana (Balf.) Engelm. forest; and the Transition 
Zone to the Pinus ponderosa Dougl. forest. 


A zonal map and photographs of some of the habitats are included. 
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EXPLANATION OF FIGURES 


Fig. 1, Hudsonian Zone. The White Bark Pine Forest. The scrubby trees are 
Pinus monticola, The two larger trees on the right are Tsuga Mertensiana. Such pure 
stands of Pinus monticola are rare in the Northwest. The ground cover in the shade 
of the trees is mostly Luzula glabrata and Ribes erythrocarpum. The grasses in the 
forground are mostly Sitanion hystrix and Stipa ocidentalis. This photograph was taken 
near Cloudcap. 


Fig. 2. Hudsonian Zone. Pumice Slopes of the Highest Elevations. The photograph 
was taken near the Wineglass and represents a slope toward the lake. The abrupt 
drop to the depths below may be seen on the extreme right. The clumps of vegetation 
are mostly Senecio canus, Gilia congesta var, palmifrons, Phacelea heterophylla var. 
pygmaea, Eriogonum ovalifolium and Antennaria Geyeri. A typical Mountain Hemlock 
Forest is in the far background. The effect of the prevailing winds is seen easily in the 
branching of the nearer trees. 


Fig. 3. Hudsonian Zone. Pumice Slopes of the Lower Elevations. The photograph 
was taken in the vicinity of the Lodge. The sparse vegetation is mostly Polygonum 
Newberryi and Eriogonum pyrolaefolium var. coryphaeum. The dense Tsuga Merten- 
siana forest is in the background. 


Fig. 4. Canadian Zone. Desert. This photograph was taken on Pumice Desert on 
the northern side of the Park. The road to Diamoond Lake is visible at the upper 
right. The broad-leaved plant in the right center is Polygonum Newberryi. The grass- 
like vegetation is entirely of Carex Breweri. 


Fig. 5. Hudsoniar. Zone. Mountain Hemlock Forest. The density of the forest and 
the absence of underbrush are apparent. The sunny glade in the foreground supports a 
rank growth of Senecio triangularis and Aster Engelmanni var. ledophyllus. 


Fig. 6. Hudsonian Zone. Stream Side. The photograph was taken near Park Head- 
quarters. A great number of species may be recognized. Thickets of Salix orestera and 
Spiraea densiflora are seen in the middle background. A few scattered specimens of 
Pinus contorta var. Murrayana show the proximity to the Canadian Zone. The glacial 
moraine in the background is covered with Abies nobilis and Tsuga Mertensiana. 


Fig. 7. Hudsonian Zone. Talus Slopes. The photograph represents the lower slopes 
of Castle Crest in the vicinity of Park Headquarters. The fruiting heads of Pulsatilla 
occidentalis are visible in the lower right corner. The dense clumps in the foreground are 
Arnica longifolia. The thickets in the middle background are of Alnus sinuata, 
Vaccinium membranaeum and Sorbus sitchensis. The trees in the distance are Abies 
nobilis and Tsuga Mertensiana. 


Fig. 8. Transition Zone. Yellow Pine Forest. This photograph was taken near the 
South Entrance Ranger Station, and shows clearly the magnificent trunks of the Yelolw 
Pine and the typical dense underbrush of Ceanothus velutinus. 
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Fig. 9. Canadian Zone. Wizard Island. (Photograph by Patterson). The photograph 
was taken on the Rim near the Watchman. The effect of altitude on the forest of 
Wizard Island is clearly visible towards its summit. The lower slopes are so protected 
by the Rim that normal specimens of Pinus monticola form the most conspicuous forest 
type in spite of the high altitude. The lack of protection near the summit causes this 
species to assume a dwarfed and often misshapn feorm, that resembles Pinus albicaulis 
very closely. Mt. Scott is seen in the distant background. The light colored areas along 
the top of the Rim in the background are the Pumice Slopes of the High Elevations. 


Fig. 10. Canadian Zone. Phantom Ship. (Photograph by Patterson). This almost 
perpendicular pinnacle of rock supports a surprisingly varied flora. Most of the trees 
visible in the photograph are Pinus ponderosa, and Pinus monticola. The bold cliff in 


the left background is Llao Rock. At its very summit is the most interesting habitat of 
the Park. 
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Fig. 11. The Life Zones of Crater Lake National Park. Cross hatched areas are 


‘Transition, unruled areas are Canadian, and horizontally ruled areas are Hudsonian. 
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The Comparative Anatomy of the Secondary Xylem 
of Five American Species of Celtis’ 


Mary Josephine Cox 


Introduction 


Recently considerable work has been done to determine the usefulness of 
the anatomical method in the classification of flowering plants (1-3, 10-17, 18, 
19, 20). There have been some indications that anatomical characteristics are 
as striking and reliable as gross morphological characters. 


The present study deals with the wood anatomy of five American species 
of the genus Celtis (Ulmaceae), i.e., their specific anatomical characters and 
the variation of these. All members of the genus Celtis, of which there are more 
than sixty species, are either shrubs or trees which are found throughout the 
temperate zones and the tropics (7). The species investigated are: C. mississipi- 
ensis Bosc., C. Selloviana Mig., C. Swartzii Planch., C. triflora Ruiz. ex Mig., 
and C. occidentalis L. (8, 9). Whereas six specimens of C. occidentalis from as 
many localities in the North Temperate Zone were studied, only one specimen 
of each of the four other species was available. These specimens were secured 
from the wood collection of Harvard University and from the School of For- 
estry, Yale University. 


Sections of wood prepared according to Wetmore’s technique (21) and 
material macerated according to Jeffrey’s method (4) were studied. Macerated 
material was used to measure fifty fibers from each specimen as well as the 
lengths of fifty vessel elements whereas sections of wood were used in measur- 
ing the tangential diameters of vessels. In the woods that were diffuse-porous 
fitty vessels were measured at random, but in the ring-porous woods twenty-five 
vessels were measured in the early wood and twenty-five in the late wood. Sec- 
tions were also used to find the number of pores per square millimeter. Ten 
counts for each specimen were made. Tangential sections were used to deter- 
mine the number of rays per millimeter. 


The terms used in this paper are those approved and defined by the Inter- 
national Association of Wood Anatomists (6) and amended by Record (15). 
The ray classification used is that proposed by Kribs (14). 


1 The writer wishes to express her sincere appreciation to Dr. Oswald Tippo for 
his helpful suggestions and interest throughout this investigation. 


The writer is also grateful to Professor R. H. Wetmore of Ha-vard University and 
to Dean S. J. Record of Yale University for the material used in this research. She 
wishes to express her gratitude to Dr. Majel MacMasters of the Home Economics 
Department of the University of Illinois for the preparation of the photomicrographs. 
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ANATOMY OF FIVE SPECIES OF CELTIS 


Anatomical Description of Species 


Celtis mississipiensis Bosc. This species grows as far north as southern 
Indiana to Missouri and extends southward into Florida, Texas and Mexico 
(7, 17). 

In this species distinct growth rings are found which range from 682 to 
837, in width. The wood is ring-porous. The pore arrangement consists of pore 
clusters (93%), pore multiples (2%), and solitary pores (5%). The pores 
ate round with thin to thick walls. The number of pores per square millimeter 
ranges from 98 to 164; however, it is mostly from 100 to 150 with an average 


of 129 per sq. mm. 


Fibers.—Libriform wood fibers, most of which are gelatinized, are present. 
These fibers comprise half or slightly less than half of the area of a cross 
section. The walls are thick to very thick (5), and contain simple minute pits 
with circular apertures. The length of the fibers varies from 527u to 1550x. 
They are mostly between 1000, and 1395, and the average is 1116p. 


Vessel elements——The vessel elements range in length from 163, to 330x. 
Most of them are from 240 to 305, with an average length of 259u. The 
diameter range is from 1224 to 299; the average is 192 with most of the 
vessels lying between 170, and 230, in the early wood. In the late wood the 
range is from 14 to 54yu; the average is 32; mostly 204 to 50u. The 
perforation plates are simple, and the end walls oblique (25°) to transverse. 
The intervascular pitting is alternate. The vessel parenchyma pitting is sparse, 


the arrangement being alternate tending toward opposite. Some spirally thick- 
ened elements are present. 


Rays.—The rays are heterogeneous and are all of type IIB. (14). Uni- 
setiate rays range from 2 to 9 cells in height. Multiseriate rays range from 3 
to 128 cells in height and from 2 to 9 cells in width. The few pits present are 
minute. 


Xylem parenchyma.—The xylem parenchyma is of the vasicentric type and 
is sparsely distributed. Small pits are numerous in the walls of these cells. 


Only one specimen (Harvard 3217) of this species was available for study. 


Celtis Selloviana Mig.—This species of Celtis grows in the tropics and the 
only specimen available for study was collected in Argentina. 


Growth rings are absent in this species. The wood is diffuse-porous. The 
pores are round with thin to thick walls. The pore arrangement is about 60 
per cent solitary pores, 39 per cent pore multiples, mostly in rows off 2, 3, 
or 4, and about 1 per cent pore clusters. The average pore number per sq. mm. 
is 12; the range from 8 to 14. 


Fibers.—Libriform wood fibers are found whose average length is 943,. 
They range from 574u to 1302, but are mostly 775 to 1085y long. The 
walls vary from thick to very thick and contain small simple pits with slit-like 
apertures. 
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Vessel elements.—The vessel elements range in diameter from 58 to 160u 
with most of them having a diameter between 80, and 100u and the average 
being 92. The perforation plates are simple, and the end walls oblique (about 
60°) to transverse. The intervascular pitting is alternate. The vessel members 
range in length from 153 to 442u. Most of them are from 240 to 300u. 
The average length is 275,:. A few tyloses are present, the walls of which vary 
from thin to thick. Fairiy large alternate pits are found between vessels and 
parenchyma cells. The pits are abundant, but are not crowded. 


Rays.—There are about 12 rays per mm. These ate heterogeneous and are 
type IIB. The mutiseriate rays vary from 2 to 10 cells wide, and from 4 to 57 
cells high. The uniseriate rays are from 1 to 5 cells high. Many large pits are 
found in the walls of the ray cells. A few solitary crystals are present. 


Xylem parenchyma.—The abundant xylem parenchyma is of two types, 
vasicentric and confluent. Many large pits are present. 


One specimen (H16559 and Y1002) was studied. 

Comparison with other species—The wood of C. Selloviana which is 
diffuse-porous and lacks growth rings differs definitely from that of C. missis- 
sipiensis which is ring-porous with an average number of pores per sq. mm. a 
little more than ten times that of the other species. 

The area taken up by fibers in section is about the same in both species. 
But the fibers of C. mississipiensis are mostly gelatinized while those of C. 
Selloviana are not. Another striking difference lies in the size of the pits in 
the fiber walls. Very minute pits with circular apertures are present in C. 
mississipiensis as compared with the larger slit-like pits of C. Selloviana. 


Fig. 1. Celtis occidentalis L. (H. 4028) Cross-section showing ring-porous wood; 
growth rings; large solitary pores and pore multiple in early wood; small pores arranged 
in clusters in late wood; and multiseriate rays. Thin-walled tyloses are found in the 
large vessels. Libriform wood fibers are present. 60. 


Fig. 2. C. triflora Ruiz ex Mig. (H. 19406) Cross-section showing diffuse-porous 
wood; solitary pores; and pore multiples, Thin-walled tyloses are found in some 
vessels. Confluent parenchyma, multiseriate rays, and libriform wood fibers are present. 


x120, 
Fig. 3. C. Swartzii Planch. (H. 19405) Cross-section showing diffuse-porous woud; 


solitary pores; pore multiples; confluent parenchyma; uniseriate rays; and multiseriate 
rays. Thin-walled tyloses are found in some vessels. Libriform wood fibers are present. 


x120. 


Fig. 4. C. occidentalis L. (H. 9044) Tangential section showing very large multi- 
seriate ray, type II B.; uniseriate rays; and libriform wood fibers. x69. 


Fig. 5. C. occidentalis L. (H. 9044) Radial section showing large vessels and 
sclerotic tyloses. Small vessels and xylem parenchyma are to ‘"\< right of sclerotic tyloses. 
Libriform fibers are present. 120. 


Fig. 6. Celtis occidentalis L. (H. 9044) Cross-section showing pore clusters in late 
wood, gelatinous fibers and uniseriate rays. <360. 
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Although the two species have vessel elements with both transverse and 
oblique end walls, those of C. Selloviana have walls a great deal more oblique 
than those of C. mississipiensis. Spirally thickened elements are absent in C. 
Selloviana. . 

Tyloses are numerous in C. mississipiensis, are all thin-walled and contain 
many large pits. In C. Selloviana few tyloses are found, whose walls vary from 
thin to thick and contain very few fairly large pits. 

The wood parenchyma is both vasicentric and confluent and is much more 
abundant in C. Selloviana than in C. mississipiensis where it is entirely vasi- 
contric. 


C. mississipiensis has few minute pits in the walls of the ray cells in contrast 
to the many large pits of C. Selloviana. Crystals are absent from the ray cells 
of C. mississipiensis, but a few are present in those of C. Selloviana. 

Since only one specimen of each species was studied, it is quite possible 
that if a larger number had been examined, many of these differences might 
have been eliminated. 


Celtis Swartzii Planch. This is also a tropical species and the specimen 


studied came from Soledad, Cuba. 


No growth rings are apparent in this specimen. The wood is diffuse-porous 
(Fig. 3). The pores are round with mostly thin walls. The pore arrangement 
is as follows: about 50 per cent solitary pores, about 49 per cent pore multi- 
ples in rows from two to five, and approximately 1 per cent pore clusters. The 
average number of pores per sq. mm. is 31. The pores range from 29 to 42 
per sq. mm., but are mostly from 30 to 35. 


Fibers.—Thick walled libriform wood fibers, most of which are gelatinized 
are present. The walls of these fibers contain minute pits with slit-like aper- 
tures. The average length is 875, the range is from 426u to 972. Most of 
the cells are between and 905p- 


Vessel elements.—The diameters of the vessel elements range from 20y to 
74u, with most of them being between 25 and 50u. The average is 42. Most 
of the cells are between 255 and 323, in length, the extremes being 141 and 
394u. The average length is 285u. The end walls vary from approximately 
66° to transverse. The perforation plates are simple. The intervascular pitting 
is alternate. The vessel parenchyma is alternate to opposite. The pits are small 
and abundant. 


Rays.—The rays are heterogeneous and are of type IIB, There is an aver- 
age of 12 rays per mm. The multiseriate rays vary from 2 to 5 cells in width 
and from 4 to 43 cells in height. The uniseriate rays vary from 1 to 15 cells 
in height. Numerous large pits are found in the cell walls. Solitary crystals 
are present. 


Xylem parenchyma.—The abundant xylem parenchyma is mostly meta- 
tracheal or confluent, although aliform and vasicentric parenchyma also occurs. 
Many small pits are found in the walls of the parenchyma cells. 
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In this specimen (H. 19405) numerous fungus hyphae had penetrated the 
wood cells. 

Comparison with other species—The fibers of C. Swartzi are minutely 
pitted, on the average about 60, shorter than those of C. Selloviana and about 
240 shorter than those of C. mississipiensis. Both of the latter have small pits 
although they are a great deal larger than those of C. Swartzii. The same type 
of pore distribution is found in all three species, but there is a slight variation 
in the percentage of solitary pores and pore multiples, the former being about 
10 per cent more abundant in C. Selloviana than in C. Swartzii. These two 
species differ considerably from C. mississipiensis, the majority of whose pores 
is grouped in clusters. 

Few thin-walled tyloses are found in all three species, but a few with thick 
walls occur in C. Selloviana. 

The average pore diameter of C. Selloviana is about 50 greater than that 
of C. Swartziit, and about 60 greater than that of the pores in the late wood 
of C. mississipiensis, but about 100 smaller than the average diameter of the 
pores in the early wood of this species. 

The vessel elements of C. Swartzii and C. mississipiensis have practically 
the same length, but are about 15, shorter, on the average, than those of C. 
Selloviana. 

The vessel parenchyma pitting varies slightly since C. Selloviana has fairly 
large alternate pits and C. mississipiensis as well as C. Swartzii have small pits 
of a predominantly alternate arrangement. 

The scarcity of the entirely vasicentric xylem parenchyma of C. mississipi- 
ensis differs decidedly from its abundance in the other two species. A large 
amount of the parenchyma of C. Swartzii is metatracheal, a type entirely 
absent in C. Selloviana. These two species have vasicentric parenchyma, slight- 
ly more prominent in C. Selloviana than in C. Swartzii. Much confluent paren- 
chyma is found in both, but only C. Swartzii contains a little aliform. The pits 
on the wood parenchyma cells are smaller in C. Swartzii than in C. mississipi- 
ensis and C. Selloviana. 

Solitary crystals of calcium oxalate occur in the ray cells of both C. 
Selloviana and C. Swartzii, but in much greater abundance in C. Swartzii. 
They are lacking in the rays of C. mississipiensis. 

Celtis triflora Ruiz. ex Mig. The only specimen (H19406) of C. triflora, 
another tropical species, available for study was a very young one coliected in 
Cuba. It was so young, in fact, that protoplasm had not disappeared complete- 
ly from the fibers and growth rings were still indefinite. 

The wood is diffuse-porous (Fig. 2). The pores are round with walls vary- 
ing from thin to fairly thick. The pore arrangement is about 55 per cent soli- 
taty pores, approximately 2 per cent pore clusters and about 43 per cent pore 
multiples. The number of pores per sq. mm. ranges from 38 to 59 with an 
average of 49. 

Fibers —By far the greater number of fibers are libriform fibers but a few 
septate wood fibers are also present. From two-thirds to three-fourths of a 
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section is taken up by the fibers. The average length is 775u. The range is 
from 5124 to 1132, but most of the fiber cells are between 620u and 930u 
in length. Pits found on the walls of the fibers are small to very small and 
have slit-like apertures. 

Vessel elements.—Most of the vessel elements are between 40u and 60y in 
diameter, with 31 and 55 as the extremes and the average with 50u. The 
average length is 262. The shortest vessel element observed is 1564 and the 
longest is 394u. Most of them are between 205 and 270u, however. The 
perforation plates are simple. The end walls are oblique (69°) to transverse. 
The intervascular pitting is alternate. Many thin-walled tyloses with very 
minute pits are present. The vessel parenchyma pits which are large and some- 
what crowded are alternate, tending toward opposite. 

Rays.—There is an average of 13 rays per mm. The rays are heterogeneous 
and are of type I. The height of the uniseriate rays varies from 4 to 23 cells. 
The multiseriate rays range from 6 to 34 cells in height and are 2 or 3 cells 
wide. The walls contain many large pits. Solitary crystals are present. 

Xylem parenchyma.—The fairly abundant xylem parenchyma cells are 
mostly confluent, a little aliform and even less vasicentric parenchyma are also 
present. 

Comparison with other species—Celtis triflora differs by the presence of 
a few septate wood fibers from the species previously described which have 
only libriform fibers. The fibers in C. triflora are on the average about 100u 
shorter than those of C. Swartzii which possesses the shortest fibers of the first 
three species discussed. 

Few tyloses are found in C. mississipiensis, C. Selloviana, and C. Swartzi 
in contrast to their abundance in C. triflora. The pits between vessels and 
parenchyma cells are larger in C. triflora than any previously observed. 

One of the most striking differences between C. triflora and the other 
three species is that the latter have rays of type IIB, while in the former, rays 
of heterogeneous type I are found. However, this difference is probably attrib- 
utable to the fact that the specimen of C. triflora was much younger than any 
of the other specimens studied. 

Celtis occidentalis L. This species of Celtis grows from western Quebec to 
Manitoba down into the southern part of the United States. 

In this species distinct growth rings are present (Fig. 1) which range in 
width from 310u to 3410. The wood is ring-porous. The pore arrangement 
is from 70 per cent to 96 per cent pore clusters, 3 per cent to 30 per cent 
solitary pores, and 1 per cent to 4 per cent pore multiples. The pores are 
round with thin to thick walls. The number of pores per sq. mm. ranges from 
54 to 243, but most of the counts showed the number to be between 105 and 
155. The average per sq. mm. was 123. 

Fibers.—Libriform fibers, most of which were gelatinized, comprise approxi- 
mately half of a cross section (Fig. 6). The walls which contain simple minute 
pits vary from thick to very thick. The fiber length ranges from 364 to 2139p. 
Most of them are between 950 and 1300p, and the average is 1139p. 
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Vessel elements——The length of the vessel elements varies from 133 to 
381. Most of them are between 250 and 320u with an average length of 
266. The average diameter for vessels in the early wood is 171; the range 
70 to 282, with most of them being between 140, and 260u. The average 
diameter for the vessels in the late wood is 36u. The range is from 14 to 
994 with most of them measuring between 20 and 50u. The perforation 
plates are simple. The end walls are oblique (mostly about 19°). In one speci- 
men the acute angle is approximately 50°. This specimen has transverse end 
walls also. The intervascular pitting is alternate, but in half the specimens 
studied it tends toward opposite. Some spirally thickened elements are present. 
The pits between vessel elements and parenchyma cells are fairly large and 
abundant but not crowded. Thin-walled tyloses are found in all specimens of 
this species. One specimen contains a very few thick-walled tyloses and another 
has many sclerotic tyloses (Fig. 5). 


Rays.—In every case the rays are heterogeneous and are of type II B. 
(Fig. 4), although some tend toward homogeneous I. and others toward II A. 
The average number of rays per mm. is 7. The uniseriate rays vary from 1 to 
14 cells in height. The multiseriate rays vary in height from 4 to 181 cells 
and in width from 2 to 12 cells. The pits in the ray cells are quite abundant 
and vary from small to minute. Solitary crystals are present in the ray cells 
of two specimens of this species. 


Xylem parenchyma.—The xylem parenchyma is in most cases sparse. The 
arrangement is mostly vasicentric with very small amounts of confluent 
parenchyma. There are many small pits in the walls of the parenchyma cells. 


Six specimens (H. 4027, 4028, 3219, 9042, 9043, 9044) were studied. 


Range of variation.—Very little variation exists among the six specimens of 
C. occidentalis studied, except in pore arrangement. The majority of the pores is 
arranged in clusters but the percentage varies from 70 to 96. There is also a 
variation of solitary pores from 3 to 30 per cent whereas the percentage of 
pore multiples varies from 1 to 4. Only one specimen contains a few thick- 
walled tyloses and another contains a great many sclerotic tyloses. All speci- 
mens have some thin-walled tyloses. 


The average length of the fibers in four specimens in between 1100y and 
1160 but the average length in one specimen drops to 1031 and in another 
it is found to be 1302p. In five specimens most of the fibers are gelatinized. 
One contains no gelatinized fibers. 


There is little variation in the length of vessel elements, the average length 
being in every case, between and 290x. 

The rays are all of type II B., but in two specimens they tend toward 
homogeneous type I, and in another specimen they tend toward type II A. 
In the walls of the ray cells the pits which vary from small to minute are very 
abundant except in one specimen where few pits are found. 

Solitary crystals are found in the ray cells of two of the specimens. 
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The xylem parenchyma is sparse and vasicentric in four of the specimens. 
One specimen contains abundant confluent parenchyma as well as vasicentric. 
In another specimen confluent parenchyma is also fairly abundant but vasi- 
centric parenchyma is scarce. i 


Comparison with other species—No outstanding differences between the 
wood of C. occidentalis and that of C. mississipiensis exist. In fact, the differ- 
ences between the two species are no greater than those between the various 
specimens of C. occidentalis. 


Discussion 


From the material studied the writer concludes that two species C. occiden- 
talis and C. mississipiensis, cannot be distinguished from one another on the 
basis of their anatomical structure. However, these two temperate zone species 
differ from the three tropical species studied by being ring-porous and having 
spiral thickenings whereas the latter are diffuse-porous and lack spiral thicken- 
ings. The percentage of solitary pores is also a great deal higher in the tropical 
species. Very little differences is found between C. Selloviana and C. Swartzii. 


C. triflora can be distinguished from the other tropical species, C. Sellovi- 
ana and C. Swartzii, by the presence of septate wood fibers, the only species 


studied in which they are found. The six specimens of C. occidentalis revealed 
very little variation, the most apparent difference being in the percentage of 
distribution of pore clusters and solitary pores. 


As pointed out previously, only one specimen of each of four species 
described was studied. Further investigation might either remove some of the 
differences between the species or establish more firmly the present lines of 
demarcation. 


Summary 


1. Woods of C. mississipiensis Bosc., C. Selloviana Mig., C. Swartzii 
Planch., C. triflora Ruiz. ex Mig., and C. occidentalis L. are described. 


2. C. occidentalis and C. mississipiensis can be distinguished from C. Sello- 
viana, C. Swartzii, and C. triflora. C. triflora can be distinguished from C. 
Selloviana and C. Swartzii. 


3. C. occidentalis and C. mississipiensis ate ring-porous and have spiral 
thickenings. The other three species are diffuse-porous and lack spiral thicken- 
ings. C. triflora can be recognized by the presence of septate wood fibers. 


4. C. occidentalis is indistinguishable from C. mississipiensis and only 
slight differences are found between C. Selloviana and C. Swartzii. 


5. Variation is negligible in the wood of C. occidentalis. 
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The Genus Monarda in Oklahoma 


Dorothy |. Henson 


The genus Monarda (Labiatae), is indigenous only in North America 
where its distribution includes all of the southern Canadian provinces, nearly 
every state in the United States, and the northern part of Mexico. The nine 
species found in Oklahoma are abundantly distributed on dry plains, in sandy 
soil, and in open woods. Collections to date have been made from 49 of the 
77 counties. M. punctata appears to be the most widely distributed, occurring 
in 24 counties. Others in order of frequency are M. mollis which is found in 
20 counties; M. clinopodioides in 16; M. dispersa in 14; M. citriodora in 9; 
M. Russelliana in 8; M. Bradburiana in 7; M. fistulosa in 5; and M. pectinata 
in 4. Present records are by no means complete, because many counties have 
received little attention from collectors. 


The various species seem to gtow in definite ecological zones. M. Brad- 
buriana and M. Russelliana are found in the more moist eastern parts of the 
state which are the phytogeographical and ecological limits of the great Eastern 
Deciduous Forest. Here they form a part of the herbaceous forest floor 
covering. 


One station for M. Russelliana where it grew abundantly, was in an oak- 
pine forest near Eagletown, in McCurtain County. This region had been 
burned over the previous year and the sandy, well-drained soil was covered 
with four inches of pine needles. As Monarda was the dominant herb in May, 
it appeared as if its seeds and rootstocks were uninjured by fire. But whether 
it may be classed as a definite “fire weed” can be ascertained only by further 
observation. M. Bradburiana is frequent in wet, shaded woods of the eastern 
region such as those near Page in LeFlore County. 


Another zone in which species are abundant is the dry, central prairies of 
Oklahoma. Here M. clinopodioides and M. punctata are members of the 
spring and summer seasonal communities in the grassland climax area of the 
Great Plains. They are found mixed with grasses in the dry, sandy soil of 
open pastures. 


Species preferring richer soil and more shade are M. fistulosa, M. mollis, 
and M. dispersa. These grow in the loam soil of open oak woodlands where 
they are quite common on the forest floor and in shaded ravines. 


Monardas are popular native wild plants which may be successfully grown 
in gardens. Seeds of the annual species should be collected in summer and 
sown early the following fall as freezing during the winter is often necessary 
for germination. The perennial species may be secured by planting pieces of 
the rootstock. Once a clump is started, it will spread rapidly and produce 
striking masses which can be divided. Spring division is more successful than 
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fall as the plants are sometimes killed in winter. Certain strains in cultivation, 
with the usual fertilizing to which flower gardens are subjected, have produced 
flower clusters four inches in diameter. They are especially attractive when 
planted in borders of paths where a pleasant odor will be produced when 
people brush against them. M. mollis and M. fistulosa are kept in stock by 
most nurserymen. Seeding heads are fragrant and should be saved for pot- 
pourri. 

This mint is also often cultivated by beekeepers. The fact that many 
species grow well on dry, sterile soil without much care is of great advantage. 
Bees obtain large quantities of nectar from the showy flowers and produce 
honey with a delicious flavor. 


Still another use is as a fixative in the manufacture of perfumery, but this 
industry is at present of little importance in the United States as most 
perfumes are made in Europe. 

Of historical interest is the use of the leaves for tea at the time when 
“Liberty Teas” were popular as a substitute for expensive English teas. 


Monarda was named after Nicholas Monardes, a Spanish physician of the 
latter half of the sixteenth century, and established by Linnaeus who described 
five species in his “Species Plantarum.” De Candolle divided the genus into 
two sub genera Eumonarda and Cheilyctis, a division still used by taxonomists. 
All species in Eumonarda have heads which are terminal and solitary with 
stamens exserted and with leaves acutely serrate, while those in Cheilyctis have 
axillary heads, stamens not exserted, and leaves which taper into the petiole 
and which are sparsely serrate. 

Species of both sub-genera occur in Oklahoma. The following key will 
aid in their identification: 


Key To THE OKLAHOMA SPEcIES OF MONARDA 


A. Flower clusters terminal and solitary, rarely axillary; stamens exserted; peren- 
nials; flowers pinkish to purple; bracts purplish, ovate, accuminate with no 
end bristle. 

. Leaves distinctly petioled, plants extensively branched. 
c. Leaves pubescent, especially below, hairs spreading, finely serrate, dark 
green; stem 5-12 dm. high; not very common. .................-.--- 1. M. fistulosa L. 


c. Leaves glabrous or with minute appressed pubescence, coarsely serrate, pale 
below; stem 3-10 dm. high; general over the state. 
. Leaves sessile or nearly so; plants not extensively branched; bracts lanceolate, 
purplish, ciliate; Eastern Oklahoma. 
c. Calyx glabrous at mouth; heads 2-4 cm. wide; leaves 3-8 cm. long; bracts 
c. Calyx glabrous at mouth, teeth glandular; heads 1-2 cm. wide; leaves 3-6 
cm. long; bracts 1-2 cm. long. .....................-c-ssececeeees-+- 4. M. Russelliana Nutt. 
A. Flower clusters both terminal and axillary with 2-6 whorled heads; stamens not 
exserted; both annuals and perennials; flowers yellow, pink, purple, or whitish. 

B. Calyx teeth deltoid, awnless, spreading, villous in throat; corolla yellow or 
rarely white, upper lip spotted with purple; perennials; bracts lanceolate 
with no bristle tip, yellow or purplish, the outer ones foliaceous; general over 
the state. 
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c. Leaves pubescent over the entire lower surface; stems with short spreading 
spreading hairs; corolla tube 9-12 mm. long. ~..........--.-------------2----20e0e-0-0--- 


5. M. punctata L. var. villicaulis (Penn.) Epl. 


c. Leaves glabrate or puberulent on the lower surface, or the pubescence con- 
fined to the middle of the leaf; stems puberulent with small curving hairs 
mostly appressed, corolla 14-20 mm. long; annuals 20-25 cm. tall; branch- 
6. M. punctata L. var. occidentalis Epling 


B. Calyx teeth setaceous; corolla pinkish, purple or white; annuals. 


c. Bracts oblong, abruptly narrowed into the bristle tip; common in central 
klahoma. 


p. Corolla 2-2.5 cm. long, pink; bracts 1.5-2.5 cm. long, broad, purple, 


D. Corolla 1.5-2 cm. long, white or ints bracts 1-2 cm. long, whitish or 
purplish; ciliate toward base; stem 2-5 dm. high. ......8. M. citriodora Cerv. 


c. Bracts lanceolate, gradually tapering into the terminal bristle, densely ciliate. 


D. Bracts stiff, green or gray with 3 prominent veins; stem 2-4 dm. high; 
corolla yellowish white; not common. ...............-..-------- 9. M. pectinata Nutt. 


D. Bracts dark purple with 5-7 prominent veins; stems 3-6 dm. high; corolla 
pale purple; common in central Oklahoma. ...... 10. M. clinopodioides Gray. 
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A Synopsis of the North American Species of Eryngium 


Mildred E. Mathias and Lincoln Constance 


The North American species of Eryngium have been dealt with chiefly by 
Coulter and Rose, for the United States, and by Hemsley, for Mexico. No 
express attempt has previously been made to correlate the taxonomy of the 
genus in these two adjoining areas. In his world treatment of Eryngium in 
“Das Pflanzenreich,” Wolff was principally concerned with allocating precisely 
all the published names and with grouping the species into natural sections. 
His acceptance of almost all the entities which had previously been proposed 
from North America, his lack of adequate American material for study, and 
the illusory character of many of his sectional boundaries, have made his mono- 
graph scarcely usable in our area. The very considerable amount of “new” 
material which has been placed at our disposal seems to us to warrant a 
complete revision of the North American species. 

In offering such a treatment, the writers are fully cognizant of the probable 
shortcomings of the proposed classification. Many described entities are too 
incompletely known for satisfactory placement and any attempt to bring recent 
collections into harmony with the published plates and descriptions of Cavanille 
and Delaroche is necessarily hazardous. Intensive study of large suites of the 
exceedingly variable Californian species has afforded a yard-stick for measur- 
ing variability in those species of which we have seen fewer specimens. We 
have thus been encouraged to adopt a more conservative attitude than this 
genus has hitherto enjoyed. If we have erred in the direction of over-simplifica- 
tion, we may hope, nevertheless, to have provided a workable basis for the 
erection of a more satisfactory understanding of the group. 

Our thanks are due to the curators of the following institutions for the 
generous loan of material for this study: Botanischer Garten und Botanisches 
Museum, Berlin (B); Jardin Botanique de |’Etat, Brussels (Brux); California 
Academy of Sciences, San Francisco (CA); Carnegie Museum, Pittsburgh 
(Carn); Field Museum, Chicago (F); Gray Herbarium of Harvard Univer- 
sity, Cambridge (G); the personal herbarium of Dr. Robert F. Hoover, 
Berkeley (Hoover); Royal Botanic Gardens, Kew (K); Missouri Botanical 
Garden, St. Louis (M); New York Botanical Garden, New York (NY); 
The Academy of Natural Sciences of Philadelphia (PA); Pomona College, 
Claremont (P); Dudley Herbarium, Stanford University (S); University of 
California, Berkeley (UC); University of Michigan, Ann Arbor (U.Mich.); 
United States National Herbarium, Washington (US). 


EryNGIuM L. Sp. Pl. 1:232. 1753. 


Eringium Neck. Delic. Gallo-Belg. 1:138. 1768. 
Strebanthus Raf. in Ser. Bull. Bot. 1:218. 1830. 
Streblanthus Raf. Atl. Journ. 149. 1832. 
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Lessonia Bert. ex Hook. & Arn. in Hook. Bot. Misc. 3:352. 1833, in synon. 
Klonion Raf. New Fl. Am. 4:35. 1836 

Atirsita Raf. New Fl. Am. 4:36. 1836. 

Reilia Steud. Syn. Pl. Cyp. 311. 1855. 

Alirtisa Raf. ex Wolff in Engl. Pflanzen 4(228) :106. 1913, error. 


Creeping to erect, herbaceous, caulescent or acaulescent, usually glabrous 
biennials or perennials from stout taproots or rootstocks bearing fibrous roots. 
Leaves coriaceous or membranaceous, entire, pinnately or palmately lobed to 
divided, often ciliate to spinose, the venation parallel or reticulate. Petioles 
sheathing, sometimes septate. Inflorescence capitate, the heads solitary, or in 
cymes or racemes. Involucre of one or more series of entire or lobed bracts 
subtending the head. Involucel of entire or lobed bractlets subtending the 
flowers. Flowers white to purple, sessile; the petals ovate to oblong with vari- 
ously inflexed and lobed to fimbriate tips; the sepals ovate to lanceolate, acute 
to obtuse, entire or rarely spinescent; the styles shorter than to exceeding the 
sepals; the stylopodium lacking; the carpophore absent. Fruit globose to 
obovoid, scarcely flattened laterally, variously covered with scales or tubercles; 
the ribs obsolete; the commissure broad; the oil tubes mostly 5, inconspicuous; 
the seed subterete in cross-section, the face plane or slightly concave. 


Type species: Eryngium foetidum L. 


Leaves parallel-veined; plants with a monocotyledonous habit. 
Plants procumbent, stoloniferous; leaves fistulose, fascicled............ 1. E. pilularioides 
Plants erect, not stononiferous; leaves neither fistulose nor fascicled. 
Involucral bracts much shorter than the heads. 
Heads cylindrical, more than twice as long as broad. 
Involucral bracts 1-1.5 mm. long; heads 3-4 mm. broad....2. E. ebracteatum 
Involucral bracts about 5 mm. long; heads 6-8 mm. broad 
Heads globose to oblong-ovoid, usually as long as broad. 
4. E. globosum 
Basal leaves not distichous. 
Involucral bracts in one series, not imbricated. 
Basal leaves entire, obsoletely spinulose-dentate, setose-ciliate, or 
spinulose-serrate, neither lobed nor with strong stout spines. 
Leaves narrow, 3-7 mm. broad, setose-ciliate; heads small, glo- 
bose-ovoid, 5-8 mm. in diameter...................----------------- 5. E. Pringlei 
Leaves broader, 5-30 mm. broad; heads larger, subglobose to 
ovoid-cylindrical, 8-30 mm. long, 8-25 mm. broad. 
Leaves entire or nearly so; heads ovoid or ovoid-oblong, about 
twice as long as broad............................... 6. E. sparganophyllum 
Leaves weakly spinose-ciliate, bristly or spinulose-dentate; heads 
subglobose to ovoid-cylindrical, about as long as broad. 
Petals oval to obovate, about | mm. ‘long; fruit turbinate, 
2-4 mm. long; plants of Mexico. 
Heads greenish, 10-15 mm. long; fruit 2-3 mm. long, 
calycine scales lanceolate. 
Leaves broadly linear, 1-2 cm. broad, sheaths 6-12 cm. 
long; bractlets usually glabrous; sepals | mm. long 
Leaves narrowly linear, 0.5-1.5 cm. broad, sheaths 2-6 
cm. long; bractlets usually densely puberulent; sepals 
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Heads deep blue, 20-30 mm. long; fruit 3-4 mm. long, 
calcycine scales obsolete 10. E. montanum 
Petals oblong, 1.5 mm. long; fruit oblong, 4-8 mm. long; 
plants of the United States. 
Leaves 10-30 mm. broad, setae usually solitary; involu- 
cral bracts ovate-lanceolate.................-.------- 9. E. yuccifolium 
Leaves 5-10 mm. broad, setae 2-4; involucral bracts 
linear-lanceolate 9a. E. yuccifolium var. synchaetum 
Basal leaves coarsely spinose-lobed. 
Inflorescence spreading; heads numerous. 
Plants slender; leaves 1.5-3.5 dm. leng; sheaths 2-4 cm. long; 
heads greenish, 15-22 mm. long 11. E. Hemsleyanum 
Plants stout; leaves 3-8 dm. long; sheaths 4-12 cm. long; 
heads purple, 8-15 mm. long 14. E. crassisquamosum 
Inflorescence compact or with few short branches; heads few. 
Plants slender; leaves coriaceous; heads 1.5-2 cm. long 
12. E. Purpusii 
Plants stout; leaves herbaceous ; heads 2-4 cm. long..13. E. columnare 
Involucral bracts in two or more series, imbricated. 
Cauline leaves recurved; bracts biseriate; heads ovoid, 1-2.5 cm. 
long, 1-1.5 cm. broad, pedunculate 19. E. monocephalum 
Cauline leaves ascending; bracts multiseriate; heads ovoid-cylindri- 
cal, 2-6 cm. long, 1.5-3 cm. broad, nearly sessile 
20. E. proteaeflorum 
Involucral bracts equalling or exceeding the heads. 
Basal leaves distichous. 
Spines 5-15 mm. long, weak; bracts 0.5-3 cm. long; heads globose or 
globose-ovoid; sepals obtuse, glabrous.....................-..----.--+---- 4. E. globosum 
Spines 10-32 mm. long, stout; bracts 2.5-5 cm. long; heads hemispheri- 
cal; sepals acute, puberulent 18. E. Palmeri 
Basal leaves not distichous. 
Leaves spinulose-ciliate; plants of the United States 
9a. E. yuccifolium var. synchaetum 
Leaves spinose-serrate to coarsely spinose-lobed; plants of Mexico 
and Central America. 
Involucral bracts in two or more series, imbricated. 
Cauline leaves recurved; bracts biseriate; heads ovoid, 1-2.5 cm. 
long, 1-1.5 cm. broad, pedunculate 19. E. monocephalum 
Cauline leaves ascending; bracts multiseriate; heads ovoid-cylindri- 
cal, 2-6 cm. long, 1.5-3 cm. broad, nearly sessile 
20. E. proteaeflorum 
Involucral bracts in one series, not imbricated. 
Inflorescence simple or sparingly branched with 1-5 heads. 
Leaves with small proximate lobes, 2-5 mm. long, without axil- 
lary spines; bracts entire or with 1-2 lateral spines at the base 
10. E. montanum 
Leaves with large remote lobes, 4-17 mm. long, and axillary 
spines; bracts conspicuously spinose-dentate toward the base 
. columnare 
Inflorescence divaricately or widely cymosely branched with nu- 
merous heads. 
Heads hemispherical or globose, about as long as broad. 
Plants 6-8 dm. high; sepals acute; fruit 2-2.5 mm. long 
. cymosum 
Plants 10-15 dm. high; sepals obtuse; fruit 3-4 mm. long 
17. E. guatemalense 
Heads ovoid to ovoid-oblong, longer than broad. 
Leaf lobes long, equalling to much exceeding the width of the 
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blade; upper branches of the inflorescence not whorled. 
Heads greenish, small, 8-15 mm. long 11. E. Hemsleyanum 
Heads blue or purple, larger, 15-25 mm. long. 

Sheaths broader than the*blades, vaginate, 4-12 cm. long; 


involucral bracts 1-2 cm. long; fruit 2-3 mm. long 
14. E. crassisquamosum 


Sheaths about equalling the blades, plane, 2-5 cm. long; 
involucral bracts 2-5 cm. long; fruit 3-4 mm. long 
15. E. pectinatum 
Leaf lobes shorter, mostly shorter than the width of the blade; 
upper branches of the inflorescence whorled....21. E. Deppeanum 


Leaves reticulate-veined; plants not monocotyledonoid. 
Heads with a more or less conspicuous coma. 
Heads small, 2 cm. or less long; bractlets entire. 
Petioles fistulose, septate. 
Inflorescence successively cymosely trifurcate; coma of a single entire or 
lobed bractlet. 

Stems weakly erect or ascending; cauline leaves with weak herba- 

ceous, elongated divisions; coma filiform, entire or shallowly parted 
22. E. fluitans 
Stems strictly erect; cauline leaves with rigid pungent divisions; coma 
stout, rigid, deeply parted ; 23. E. madrense 
Inflorescence few-branched; coma of 3-5 subequal bractlets, entire or 
remotely spinulose-serrate 24. E. phyteumae 
Petioles neither fistulose nor septate. 
Bracts chartaceous, green or blue beneath, silvery-white or yellowish- 
white above. 

Plants low, usually prostrate, short-caulescent or acaulescent; stem 
leaves few or none; bractlets short, 2-3 mm. long; styles shorter 
than the sepals 26. E. carlinae 

Plants mostly taller, erect or spreading, caulescent; stem leaves 
several to many; bractlets longer, 3-6 mm. long; styles longer than 
the sepals. 

Bracts trifurcate to pinnatifid, usually shorter than the heads; heads 
cylindrical 25. E. comosum 

Bracts entire or with few spinose teeth, usually exceeding the 
heads; heads ovoid to ovoid-cylindrical. 

Plants slender, biennial from a fascicle of fibrous roots; basal 
leaves setose-serrate to subpinnatifid; heads ovoid-cylindrical ; 
bracts 8-15 mm. long; coma 2-6 mm. long 27. E. Beecheyanum 

Plants stout, perennial from a stout taproot; basal leaves deeply 
spinose-serrate to bipinnatisect; heads ovoid; bracts 12-25 
mm. long; coma 5-15 mm. long 28. E. heterophyllum 

Bracts herbaceous or coriaceous, green above and below or scarcely 
whitish above. 

Inflorescence cymosely branched with few short branches; heads few; 
lower cauline leaves with a pair of small laciniate segments at the 
eee 33. E. Hookeri 

Inflorescence divaricately trifurcate, usually with the lateral branches 
forming elongated monochasia; lower cauline leaves entire or shal- 
lowly lobed. 

Heads globose-ovoid, about as long as broad; bracts whitish toward 
the base above; fruit densely covered with fleshy, papillose, seti- 
form scales 34. E. spiculosum 
Heads cylindrical or ovid-cylindrical, about twice as long as 
broad; bracts green above; fruit scales flattened or utriculose, 
not setiform. 
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Stems several, branching from the base; leaves coaresly dentate 
to runcinate-pinnatifid; bracts rigid, 8-20 mm. long, about 
equalling the heads; bractlets 4-9 mm. long, exceeding the 
frui 35. E. nasturtiifolium 


Stems mostly solitary; leaves crenate to finely spinulose-serrate ; 
bracts foliaceous, 10-40 mm. long, greatly exceeding the 
heads; bractlets 2-3 mm. long, about equalling the fruit 

38. E. foetidum 
Heads large, 2-3.5 cm. long; bractlets spinescent with 3-7 prominent teeth.... 
31. E. Leavenworthii 


Heads without a definite coma. 
Stems very slender; peduncles axillary, filiform; heads few-flowered. 
Involucral bracts shorter than the heads; bractlets exceeding the fruit; 
fruit | mm. in diameter 39. E. Baldwini 
Involucral bracts equalling the heads; bractlets shorter than the fruit; 
fruit 2 mm. in diameter 40. E. prostratum 
Stems stouter; peduncles terminal or axillary in the branches of the inflores- 
cence, not filiform; heads many-flowered. 
Bracts chartaceous, greenish or bluish beneath, silvery-white, yellowish, 
amethystine or conspicuously glaucous above. 
Upper cauline leaves and leaves subtending the inflorescence variously 
incised or parted. 
Basal leaves setose-serrate or -dentate to bipinnatisect; fruit with 
dorsal surface densely papillose or more or less utriculose. 
Plants low, short-caulescent or acaulescent; bractlets about equal- 
ling the flowers and fruit; styles shorter than the sepals. 
26. E. carlinae 
Plants taller, caulescent; bractlets exceeding the flowers and fruit; 
styles longer than the sepals. 


Stems leafy below the inflorescence; inflorescence paniculately 
cymose-branched; bracts linear-lanceolate to lanceolate, yel- 
lowish-white above. 


Plants slender, biennial, from a fascicle of fibrous roots; basal 
leaves setose-serrate to subpinnatifid; bracts 8-15 mm. long: 
heads ovoid-cylindrical; coma 2-6 mm. long 

27. E. Beecheyanum 

Plants stout, perennial, from a stout taproot; basal leaves 
deeply spinose-serrate to bipinnatisect; bracts 12-25 mm. 
long; heads ovoid; coma 5-15 mm. long....28. E. heterophyllum 


Stems few-leaved below the inflorescence; inflorescence sparingly 
cymose-branched or successively trifurcate; bracts mostly 
broadly lanceolate or oblanceolate, white or silvery above. 


Plants 3-8 dm. high; basal leaves coriaceous, 5-20 cm. long: 
bracts 15-30 mm. long, 4-8 mm. broad with 2-3 pairs of 
teeth; heads ovoid, 10-15 mm. long; sepals 2-3 mm. long 

29. E. Lemmoni 

Plants 1.5-2.5 dm. high; basal leaves thin, 5-8 cm. long; 
bracts 10-15 mm. long, 3-5 mm. broad with 3-6 pairs of 
teeth; heads globose, 5-7 mm. long; sepals about | mm. 

30. E. calaster 
Basal leaves crenate or crenate-serrate; fruit with dorsal scales few 
or none 47. E. scaposum 
Upper cauline leaves and leaves subtending ‘ne inflorescence entire, 
crenate, spinulose-serrate, or spinulose-ciliate, neither incised nor 
parted. 
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Leaf margins spinose-ciliate, cilia 2-5 mm. long; plants subscapose.... 


42. E. Rosei 


Leaf margins entire, crenate or serrate, never ciliate; plants with 
several cauline leaves. 
Leaves callous-margined, cuneate to cordate or rounded at the 
base; fruit with few scales. 


Sepals ovate; bracts 15-30 mm. long, 4-8 mm. broad, spinose- 
serrate with 2-3 pairs of teeth 29. E. Lemmoni 


Sepals lanceolate; bracts 4-15 mm. long, 1-5 mm. broad, entire 
or obsoletely spinulose. 
Leaves obtuse or abruptly acute at the apex ; bracts exceeding 
the heads. 
Plants short-caulescent or acaulescent; basal leaves cuneate 
at the base, 1-3.5 cm. long; heads ovoid..43. E. ranunculoides 


Plants caulescent; basal leaves deeply cordate or rounded 
at the base, 3-8 cm. long; heads globose 46. E. gracile 


Leaves acuminate at the apex; bracts shorter than the heads 


45. E. Galeottii 


Leaves not callous-margined, deeply caudate at the base; fruit 
densely covered with scales 44. E. Chiesbreghtii 


Bracts herba¢eous or coriaceous, greenish above and below, never bi- 
colored. 
Heads pale blue to conspicuously amethystine. 
Plants more or less fleshy, glaucous or bluish throughout; basal leaves 
suborbicular-reniform; sepals 5 mm. long; fruit 8-15 mm. long 
50. E. maritimum 
Plants neither fleshy nor glaucous; basal leaves oval to oblanceolate; 
sepals mostly shorter; fruit 2-6 mm. long. 
Basal leaves with short non-septate petioles shorter than to equal- 
ling the blades. 
Bracts and bractlets not callous-margined. 
Bracts shorter than the heads; plants Mexican or introduced. 
Plants stout, from a woody taproot; leaves 10-15 cm. long, 
not callous-margined; upper cauline leaves palmately 
lobed ox divided; petioles 10-15 cm. long; inflorescence 
cymose-branched; bracts 15-30 mm. long; fruit ovoid, 
5-6 mm. long 49. E. planum 
Plants slender, from a fascicle of tuberous roots; leaves 3-9 
cm. long, callous-margined; upper cauline leaves neither 
divided nor lobed; petioles 2-6 cm. long; inflorescence 
simple or trifurcate; bracts 5-9 mm. long; fruit globose, 
48. E. Bonplandi 
Bracts longer than the heads; plants of the southern United 
States. 
Bractlets entire; basal leaves serrate, dentate or palmately 
parted, not cordate at the base. 
Basal leaves deeply palmately parted, sessile or nearly 
so; plants diffusely branched 32. E. diffusum 
Basal leaves serrate or dentate, petiolate; plants erect 
33. E. Hookeri 
Bractlets tricuspidate; basal leaves entire to shallowly 
crenate, often cordate at the base 54. E. integrifolium 
Bracts and bractlets callous-margined; plants of coastal Cali- 
i 58. E. armatum 
Basal leaves with elongate septate petioles greatly exceeding the 
small lanceolate to ovate blades . E. articulatum 
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Heads greenish, never blue. 
Heads narrowly cylindrical, about twice as long as broad; bracts 
herbaceous. 
Stems prostrate or ascending; basal leaves pinnate or pinnately 
lobed; bracts shorter than the heads 37. E. divaricatum 


Stems erect; basal leaves crenate to finely spinulose-serrate; bracts 
greatly exceeding the heads 38. E. foetidum 
Heads globose to ovoid, about as long as broad; bracts coriaceous. 
Cauline leaves 3-5-palmately lobed or parted; scales dimorphic 


41. E. Cervantesii 


Cauline leaves entire, variously serrate to pinnatifid, never palmate- 
ly divided; scales monomorphic. 
Basal leaves bladeless or with petioles elongated, usually septate, 
much longer than the small blades. 
Stems solitary, erect, sparingly branched with few leaves; leaf 
blades obtuse; plants of Florida 
53a. E. aquaticum var. floridanum 


Stems usually several, diffuse, prostrate or decumbent, rarely 
erect, freely branching, with many leaves; leaf blades acute 
to acuminate; plants of the western United States. 


Bracts obscurely callous-margined, about twice as long as 
the heads; styles shorter than the sepals; plants of west- 
ern Oregon and Washington 60. E. petiolatum 


Bracts not callous-margined, usually less than twice as long 
as the heads; styles equalling to exceeding the sepals; 
plants of California. 
Bractlets usually scarious-winged at the base; fruit with 
subequal scales. 
Leaf blades 3-15 cm. long, 1-3 cm. broad; inflores- 
cence cymose; bracts spinose-ciliate; bractlets dense- 
ly spinose to entire 61. E. alismaefolium 


Leaf blades 2-5 cm. long, 0.4-0.8 cm. broad; inflores- 
cence falsely racemose; bracts with several lateral 
spines near the base; bractlets entire......62. E. racemosum 


Bractlets usually scarious-lcbed at the base; fruit with 
unequal scales : 63. E. aristulatum 


Basal leaves with petioles shorter, usually not septate, shorter 
than to only slightly exceeding the blades. 

Leaves deltoid, pinnately or ternately divided, the divisions 
broadly decurrent on the rachis; plants stout, fleshy, often 
glaucescent 51. E. campestre 

Leaves ovate to oblong-lanceolate, entire to pinnatifid, the 
divisions not broadly decurrent on the rachis; plants mostly 
slender, neither fleshy nor conspicuously glaucescent. 

Leaves definitely callous-margined. 
Bracts and bractlets tricuspidate; plants of the south- 
eastern United States. 

Basal leaves narrowly ovate to obovate, pinnately 
parted; bracts 5-12 mm. long 55. E. aromaticum 

Basal leaves cuneate, spinose-dentate; bracts 3-4 mm. 

56. E. cuneifolium 
Bracts and bractlets entire or spinose, not tricuspidate. 

Basal leaves pinnatifid to the midrib; bracts 10-30 
mm. long, greatly exceeding the heads; plants of 
Califorma 59. E. pinnatisectum 

Basal leaves coarsely spinulose-serrate or -dentate to 
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subpinnatifid; bracts 5-10 mm. long, shorter than the 
heads; plants of Mexico 52. E. serratum 
Leaves not callous-margined. 
Bracts and bractlets callous-margined, usually entire 
: E. armatum 
Bracts and bractlets not callous-margined, usually spinose 

to lobed. 

Leaf blades entire, crenate or remotely serrulate : 
bractlets tricuspidate; plants of the eastern United 
States. 

Bractlets tricuspidate, the middle cusp elongate 
E. aquaticum 
Bractlets equally tricuspidate 
53. E. aquaticum var. Ravenelii 

Leaf blades spinulose-serrate to pinnatifid; bractlets 
entire to variously spinose; plants of California, 
Baja California, and Guatemala. 

Leaf blades deeply pinnatifid, the lobes usually 
remote, spinulose-lobed to pinnatifid. 
Bracts and bractlets without dorsal spines; heads 
small, 5-10 mm. in diameter; sepals usually 
i 64. E. Vaseyi 
Bracts and bractlets usually with dorsal spines; 
heads larger, 6-18 mm. long; sepals spinose, 
toothed or pinnatifid. 
Bracts with few dorsal spines; sepals pinnati- 
64b. E. Vaseyi var. globosum 
Bracts densely beset with dorsal spines; sepals 
spinose, usually not pinnatifid 
64a. E. Vaseyi var. castrense 
Leaf blades coarsely serrate, incised to pinnatifid. 
the lobes proximate, entire or spinose. 
Basal leaves with lanceolate or oval blades, 2- 
6 cm. long, 1-2 cm. broad; inflorescence more 
or less puberulent; plants of southern California 
and Baja California 
. E. aristulatum var. Parishii 
Basal leaves with ovate-lanceolate to oblanceolate 
blades, 3-25 cm. long, 0.5-3 cm. broad; inflores- 
cence glabrous. 
Leaf blades 3-25 cm. long, acute to acuminate, 
incised to lobed; plants of California. 
Brastlets scarious-lobed at the base; fruit 
with unequal scales 63. E. aristulatum 
Bractlets scarious-winged at the base; fruit 
with subequal scales . E. alismaefolium 
Leaf blades 2-2.5 cm. long, obtuse, coarsely 
serrate; plants of Guatemala 36. E. reptans 


1. ERYNGIUM PILULARIOIDES Hemsl. & Rose, Contr. U. S. Nat. Herb. 
8:333. 1905. 
Type Specimen.—Pringle 8948, “shallow hollows of meadows (near Buena 


Vista Station) in eastern Hidalgo,” 8300 ft., August 10, 1904 (US Type, 
UC, U. Mich.). 


Distribution —Hidalgo, known only from the type collection. 
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2. ERYNGIUM EBRACTEATUM Lam. Encycl. Meth. Bot. 4:759. 1797. 
E. ebracteatum var. typicum Wolff ex Engl. Pflanzenr. 4(228) :216. 1913. 
E. caricinum Standl. Field Mus. Publ. Bot. 8:147. 1930. 
Type Specimen.—Commerson, “Montevideo et Buenos Aires.” 


Distribution —Argentina & Brazil, Bolivian Andes to Honduras. 


Specimens Examined.—Honpburas: plains near Siguatepeque, Comayagua, 1050 m., 
Yuncker, Dawson & Youse 5776 (U Mich.). 


3. EryNcium BoissiEUANUM Wolff in Fedde Repert. 7:275. 1909. 
E. gramineum Delar. sensu Benth. Pl. Hartw. 38, 1839. Not Delar. 1808. 
Type Specimen.—D’Orbigny 1239, “L’Amerique meridionale.” (Bolivia.) 
Also cited is Hartweg 295, Mexico. 
Distribution —Bolivia and Mexico, known only from the type collections. 
No material of this entity has been available for study. 


4. ERYNGIUM GLOBOSUM Hemsl. in Hook. Ic. 28: pl. 2765. 1902. 


Type Specimen.—E. W. Nelson 4174, “near Tepic, Territorio of Tepic,” 
5000 ft., April 9, 1897 (US Type). 


Distribution Chihuahua to Oaxaca. 


Specimens Examined—CHIHUAHUA: base of Mt. Mohinora, 7000-7500 ft., Nelson 
4855 (US). Sinatoa: near Colomas, Rose 1666 (US). Zacatecas: Sierra de Los 
Morones near Plateado, Rose 363/ (US). Duranco: Rose 2236 (US). Nayarit: near 
Pedro Paulo, Rose 1962 (US); near Tepic, 5000 ft., Nelson 4/74 (US Type). JAtis- 
co: west of Bolanos, Rose 2988 (M, NY, US); near Chapala, Rose & Painter 7674 
(NY, US); Real Alto, La Bufa, 2500 m. Mexia 1596 (UC, U. Mich., US). 
MicuoacaNn: Patzcuaro, Pringle 5007 (U. Mich., US). Oaxaca: Valley of Oaxaca, 
6500-8000 ft., Nelson 1453 (US); Rio Zavaleta, San Pablo Quatro Venado, Camp 
2526 (NY); Sierra de San Felipe, 7500 ft., Pringle 5548a (US), 7000-8000 ft., 
C. L. Smith 878 (NY, US). 


This species is characterized by its long, broad, weakly spinose, distichous 
and usually glaucous leaves. The heads are large, with often long bracts, large 
sepals, petals and fruit. 


5. ERYNGIUM PRINGLEI Hemsl. & Rose, Contr. U. S. Nat. Herb. 8:333. 1905. 


Type Specimen.—Pringle 3759, “in alkaline meadows, Hacienda de Ango- 
stura, San Luis Potosi,” July 10, 1891 (US Type). 


Distribution —Cohuila to San Luis Potosi. 


Specimens Examined.—CoanHuiLa-NuEvo LEon: in the Caracol Mountains south- 
east of Monclova, Palmer 4/7 (US). San Luts Potosi: alkaline meadows, Hacienda 
de Angostura, Pringle 3759 (US Type, UC, U. Mich.) ; Media Luna, near Rio Verde, 
Palmer 63 (M, UC, US); salt marsh, 1000-1100 m., Pennell 18045 (PA, UC, US). 


6. ERYNGIUM SPARGANOPHYLLUM Hemsl. in Hook. Ic. 26: pl. 2508. 1897. 


E. longifolium Cav. sensu Gray, Pl. Wright. 2:65. 1853. Not Cav. 1793. 
“E. sparganofolium Hemsl.”; Wolff in Engl. Pflanzenr. 4(228) :256. 1913. 


Type Specimen.—C. Wright 1103, “Los Playos Springs, near the Sierra 
de Los Animos, New Mexico,” 1851 (US Type). 
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Distribution —New Mexico to Jalisco. 

Specimens Examined—New Mexico: Wright 1/03 (US Type). Duranco: city 
of Durango and vicinity, Palmer 294 (UC, US); Durango, Garcia 375 (US); El 
Salto, 2530-2540 m., Pennell 18296 (PA, US). Zacatecas: Sierra Madre, Rose 3525 
(US), 2387 (NY, US). Nayarit: Sierra Madre, near Santa Teresa, Rose 2/27 (US). 
Javisco: Sierra Madre, west of Bolanos, 7800 ft. Rose 3725 (US). 


7. ERYNGIUM LONGIFOLIUM Cav. Anal. Hist. Nat. 2:133. 1800. 


E. Watsoni Coult. & Rose, Contr. U. S. Nat. Herb. 8:334. 1905. 
E. Langlassei Wolff in Fedde Repert. 9:417. 1911. 


Type Specimen.—Collector unknown, “between Pachuco and Real del 
Monte,” Hidalgo. 

Distribution.—Jalisco to Mexico and Guerrero. 

Specimens Examined.—Jatisco: near Lake Chapala, 6000 ft., Pringle 6/97 (UC, 
US type of E. Watsoni). GUERRERO: Mine Santa Elena, 1835 m., Mexia 9028 (UC) ; 
Sierra Madre, 1750 m., Langlassé 777 (B type of E. Langlassei, NY photo, US). 
Mexico: Cumbre de Tejupilco, Temascaltepec, Hinton 7346 (K, NY photo). 


8. ERYNGIUM GRAMINEUM Doelar. Eryng. 54: pl. 24. 1808. 
E. puberulentum Hemsl. & Rose, Contr. U. S. Nat. Herb. 8:334. 1905. 


Type Specimen.—Humboldt & Bonpland, “Nova Hispania.” 

Distribution—Chihuahua and Sonora to Nuevo Leon and Sinaloa. 

Specimens Examined—CuHIHUAHUA: near Batopilas, 5500-6500 ft., Goldman 202 
(US) ; Guyanopa Canyon, 5000 ft., 1903, M. E. Jones (Po, S, US). Sonora: Saguar- 
ibo, Rio Mayo, Gentry 2//6 (US). Sinatoa: Sierra de Surango, San Ignacio, 2160 
m., Montes & Salazar 89 (US). CoAHUILA: mountains near General Cepeda, 6500 ft., 
Pringle 10078 (UC, US); vicinity of Saltillo, Palmer 767 (NY, US), 224 (US). 
Nuevo Leon: Sierra Madre, above Monterey, 3000 ft., Pringle 11/461 (US type of 
E. puberulentum). 


9. ERYNGIUM YUCCIFOLIUM Michx. Fl. Bor. Amer. 1:164. 1803. 


E. aquaticum L. Sp. Pl. ed. 2. 1:336. 1762, ex parte. Not L. 1753. 
? E. tuberosum Raf. Fl. Ludov. 60. 1817. 
E. aquaticum var. normale Wolff in Engl. Pflanzenr. 4(228) :240. 1913. 
E. aquaticum var. subinerme Wolff op. cit. p. 242. 
Type Specimen.—Michaux, “in paludosis Virginiae.” 
Distribution—Connecticut to Florida west to Minnesota and Kansas, 
south to Texas. 


Typical Specimens—VirciniA: Fall Creek, Pittsylvania Co., Heller 1/04 (US). 
NortH Caro.ina: woodlands, Biltmore, Biltmore Herb. 4/4b (US) ; Salisbury, Rowan 
Co., Heller 60 (UC). ARKANSAS: open ground, London, Pope Co., E. J. Palmer 
8/67 (US). Texas: prairies, Houston. Harris Co., E. J. Palmer 12793 (UC); 2.6 
mi. E. of Camp Jackson, Hardin Co., Cory 19768 (UC). 


9a. ERYNGIUM YUCCIFOLIUM Michx. var. SYNCHAETUM Gray ex Coult. 
& Rose, Rev. N. Amer. Umbel. 94. 1888. 


E. synchaetum Coult. & Rose, Contr. U. S. Nat. Herb. 7:44. 1900. 
E. aquaticum var. synchaetum Wolff in Engl. Pflanzenr. 4(228) :242. 1913. 


Type Specimen.—Curtiss 996, in dry pine barrens near Jacksonville, 
Florida. 
Distribution Georgia to Florida, west to eastern Oklahoma and Texas. 
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Typical Specimens.—FLorwa: dry pine barrens near Jacksonville, Curtiss 996 (US 
type coll.), 5034, 4336 (UC, US); low pine land, Eustis, Lake Co., Nash 12/6 
(US), 1487 (UC, US); pineland, Fort Myers, Lee Co., Standley 222, 13079 (US). 
Mississippi: Biloxi, Tracy 448/ (US). Texas: Houston, Rose 18/24 (US); Wier- 
gate, Tharp 24/9 (US). 


10. ERYNGIUM MONTANUM Coult. & Rose, Contr. U. S. 
Nat. Herb. 3:300. 1895. 


Type Specimen.—E. W. Nelson 1386, in wet meadows, Sierra de Clavel- 
linas, Oaxaca, 9000 ft., Sept. 10-20, 1894 (US Type). 

Distribution —Oaxaca. 

Specimens Examined.—Oaxaca: 18 miles west of Oaxaca, 7500-9500 ft., Nelson 
1386 (US Type’; Sierra de Clavellinas, 9000 ft., Pringle 6040 (UC, US); C. L. 
Smith 884 (US). 


11. ErxyNctuM HEMSLEYANUM Wolff in Engl. Pflanzenr. 4(228) :255. 1913. 


Type Specimen.—]. G. Schaffner 547, San Luis Potosi, 1879 (B Type). 
Distribution —San Luis Potosi to Vera Cruz and Puebla. 


Specimens Examined.—Nuevo Leon: Mt. Infernillo,”’ Pablillo, S.E. of Galeana, 
3000-3100 m., Pennell 17/18 (US). San Luis Potosi: San Luis Potosi, Schaffner 547 
(B Type, NY, US); Alvarez, Palmer 50 (US); near Los Canos, Palmer 22/ (US); 
hillsides, Las Canoas, Pringle 3698 (UC, U. Mich., US); San Dieguito, Palmer /02 
(US). Vera Cruz: Jalapa, Purpus 6264 (UC). Puesia: near Metlatoyuca, 800 ft., 
Goldman 29 (US). 

Gentry 1932, Quicorichi, Rio Mayo, Chihuahua, 5000 ft., (UC, US) is doubtfully 


referred here. 


This species is characterized by rather short spinose leaves with stout lobes, 
rounded heads and short bracts, and the broad inflorescence. The name applies 
only if we assume the long and rather spinose bracts of the type to be atypical. 


12. EryNcituM Purpusm Hemsl. & Rose, Contr. U. S. Nat. 
Herb. 13:311. 1911. 
E. Loesenerianum Wolff in Engl. Pflanzenr. 4(228) :255. 1913. 

Type Specimen.—C. A. Purpus 4105 (mistakenly written “4109” in the 
original description) , “Cerro de Cacolotl, Puebla,” 8,000-9000 ft., August 1909 
(US Type). 

Distribution—Puebla and Oaxaca. 

Specimens Examined.—Pvuesia: Cerro de Cacolotl, 8000-9000 ft., Purpus 4/05 


(US Type, M, NY, UC). Oaxaca: mountain slopes near Tlaxiaco, Camp 2243 (NY); 
Cerro de Buena Vista, Distr. Etla, Seler 90 (B type of E. Loesenerianum, NY photo). 


13. ERYNGIUM COLUMNARE Hemsl. in Hook. Ic. 26: pl. 2511. 1897. 


Type Specimen.—Graham 217, “Mexico,” without exact locality. 
Distribution Tamaulipas and Hidalgo south to Mexico and Morelos. 


Specimens Examined.—TAMAULIPAS: mountains near Miquihuana, 7000-9000 ft.. 
Nelson 4465 (US). Hipatco: between Somoriel & Las Lajas, Rose, Painter & Rose 
9190 (NY, US); Cuyamaloya, Sierra de Pachuca, Pringle 13267 (U. Mich., US). 
Mexico: Barranca of Ozumba, Pringle /32681/, (US); near Cima, Rose & Painter 
7188 (M, NY, US); Sierra de las Cruces, 9500 ft., Pringle 8243 (UC, US), 1892, 
Pringle (US); near Salazar, Rose & Painter 7032 (NY, US), 7033, 7034 (US). 
D. F.: La Cima, 9800 ft., Barnes & Land 380 (US); lava fields near Cima Station, 
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10,000 ft., Pringle 11459 (US). Moretos: Sierra de Ajusco near Cuernavaca, 9800 
ft., Pringle 5957 (US); mountain sides, Tres Marias, 9500 ft., Pringle 10280 (U. 


Mich.). 

This species may be confused with E. montanum, from which it is distin- 
guished by its leaves with larger and more remote lobes and axillary spines; 
the bracts are also longer, reflexed and more spinose. Eryngium montanum is 
more southern occurring in wet meadows in Oaxaca, while E. columnare appat- 
ently grows in lava fields. 


14. ERYNGIUM CRASSISQUAMOSUM Hemsl. in Hook. Ic. 28: pl. 2765. 1903. 


Eryngium pectinatum Pres] sensu Seem. Bot. Voy. Herald 294. 1852-7. Not Pres! 1837. 
Type Specimen.—Seemann 2136 “Sierra Madre,” Mexico. 
Distribution Nayarit and Durango. 


Specimens Examined—NayariT: near Santa Teresa, Rose 2/99, 2/28 (US); hills 
back of Jalisco, Ferris 5976 (S, UC). Duranco: El Salto, Nelson 4565 (US), 2570- 
2800 m., Pennell 18340 (PA). State UNKNown: Chiquistlan, May 28, 1902, M. E. 
Jones 716 (Po). 


15. ERYNGIUM PECTINATUM Presl ex DC. Prodr. 4:96. 1830. 


E. longispinum Coult. & Rose ex Hemsl. in Hook. Ic. 28: sub pl. 2766. 1903. 
E. stenolobum Hemsl. op. cit. 

Type Specimen.—Haenke, “Mexico.” 

Distribution Coahuila to Mexico and Morelos. 

Typical Specimens—CoanHuiLa: lava fields above Tlalpam, 8500 ft., Pringle 
13529 (U. Mich., US). Mexico: open pine woods, Salto de Agua, near Amecameca. 
Purpus 1676 (UC, US); near Ozumba, Rose & Hay 5354 (US), Pringle 13268 (U. 
Mich.). D. F.: Pedregal, Valley of Mexico, Pringle 4359 (US type of E. longispinum, 
M, UC). Moretos: near Cuernavaca, Rose & Hough 4393 (US type of E. stenolobum). 
Pringle 10132, 10133 (UC, US), 7915 (U. Mich.), 13987 (U. Mich., 'S). 


16. ERYNGIUM CyMosUM Doelar. Eryng. 63. pl. 31. 1808. 
Type Specimen.—Humboldt & Bonpland, “Nova Hispania.” 


Distribution —Guerrero. 
Specimens Examined—GuERRERO: between Tixtla and Chilpancingo, 6000-7000 ft., 
Nelson 2172 (US). 


17. ERYNGIUM GUATEMALENSE Hemsl. in Hook. Ic. 26: sub pl. 2766. 1903. 


E. pectinatum Pres] sensu J. Donnell Smith, Enum. Pl. Guatemal. 2:29. 1891. Not 
Pres! 1830. 


Type Specimen—E. W. Nelson 3654, “mountains near Hacienda de 
Chaucol,” 11,000 ft., Guatemala. (US Type). 
Distribution Chiapas to Guatemala. 


Specimens Examined.—Cuiapas: Mt. Tacna, 2000-4038 m., Matuda 2323 (U. 
Mich.). GuATEMALA: San Rafael, Zacatepequez, 6500 ft., Helmrich (J. Donnell Smith 
2197) (US); Chichavec, Chimaltenango, 2400-2700 m., Skutch 1/32, 8000 ft., 640 
(US); mountains near Hacienda of Chaucol, 10800-12000 ft., Nelson 3654 (US 
Type); near Quezaltenango, 2400 m., Maxon & Hay 3606 (US). 
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18. EryNGIUM PaLMERI Hemsl. in Hook. Ic. 28: sub pl. 2765. 1903. 
Type Specimen.—E. Palmer 681, Rio Blanco, Jalisco (US) Type). 


Distribution.—Jalisco. 

Specimens Examined.—Jatisco: Rio Blanco, Palmer 68/ (US Type); brushy 
hillsides near Huachinango, 4500- 5000 ft., Nelson 4004 (US); near Tequila, Rose 
& Hough 4787 (US); near Chapala, Rose & Painter 7632 (US); hills near Guadala- 
jara, Pringle 11360, 7623 (US); gravelly banks near Guadalajara, 6000 ft., Pringle 
10131 (UC, US). 


19. ERYNGIUM MONOCEPHALUM Cav. Anal. Hist. Nat. 2:116. 1800. 


E. bromeliaefolium Delar. Eryng. 60. pl. 28. 1808. 

2? E. axilliflorum Turcz. Bull. Soc. Nat. Mosc. 20(1):172. 1847. 
E. alternatum Coult. & Rose, Contr. U. S. Nat. Herb. 3:298. 1895. 
E. involucratum Coult. & Rose, op. cit. p. 299. 

E. grande Hemsl. & Rose, Contr. U. S. Nat. Herb. 8:332. 1905. 


Type Specimen.—Collector unknown, “Huanajuato and Chilpancingo, 


New Spain.” 
Distribution —Hidalgo to Morelos and Oaxaca. 


Specimens Examined—Hipaco: Sierra de Pachuca, 9600 ft., Pringle 138/6 (U. 
Mich.), 10000 ft., Pringle 82/7 (UC). Vera Cruz: Vaqueria del Jacal, Galeotti 
2765 (Brux type of E. axilliflorum, NY photo). Mexico: Nevada de Toluca, 3100 m., 
Rose & Painter 7938 (US type of E. grande). Pursia: Esperanza, Purpus 3747 
(NY, UC); Cerro de Cacalote, 8000-9000 ft., Pringle 4/05 (UC in part). More.os: 
Sierra de Tres Marias, 10000 ft., Pringle 8755, 8905 (UC). Guerrero: Sierra Madre 
near Chilpancingo, 9000-10200 ft., Nelson 2248 (US type of E. alternatum). Oaxaca: 
between Teposculula and Nochixtlan, Camp 2336 (NY); Cerro de San Felipe, 10000 
ft., Pringle 4747 (US type of E. involucratum, UC), Conzatti 1384 (US), Camp 
2608 (NY); Zempoaltepetl, Camp 2645 (NY); Tecomatlan, Seler 1577 (NY); 
Cerro Verde, Purpus 3537 (UC, US); Sierra de San Felipe, 10000 ft., Pringle 6045 
(UC), 10245 (UC, US). 


20. ERYNGIUM PROTEAEFLORUM Doelar. Eryng. 62. pl. 30. 1808. 
E. Seatoni Coult. & Rose, Proc. Amer. Acad. 28:118. 1893. 
Type Specimen.—Collector unknown, “Nova Hispania.” 


Distribution Vera Cruz to Tlaxcala and Mexico. 


Specimens Examined—VeRA Cruz: Vaqueria del Jacal, 10000 ft., Liebmann 
12220 (UC); Mt. Orizaba, Purpus 3020 (UC, US), Rose 57/6 (US), 10500-13800 
ft., Nelson 271 (US), 12000 ft., Seaton 197 (US type of E. Seatoni). TLAXxcaLa: 
Ixtaccihuatl, Purpus 1675 (UC), 10000-11000 ft., Purpus 1/677 (UC, US). Mexico: 
Monte de Rio Frio, 4000 m., Mexia 2704 ( UC, U. Mich.) ; Popocatepetl, Purpus 1674 
(UC), 12500 ft., Rose 5991 (US); Nevada de Toluca, 13000 ft., Pringle 1892 (UC), 
Rose 7972 (US), 13000 ft., Pringle 4254 (U. Mich., US); Vol. Toluca, Nelson 20 
(US); Cerro del Telapon, Valle de Mexico, Altamirano 3/ (US); Cerro de S. 
Miguel, Russell 154 (US). 


21. EryNcitumM DEpPpEANUM Cham. & Schlecht. Linnaea 5:207. 1830. 


E. Painteri Hemsl. & Rose, Contr. U. S. Nat. Herb. 8:333. 1905. 
E. Painteri var. gigantophyllum Wolff in Fedde Repert. 8:307. 1910. 
E. Painteri var. typicum Wolff in Engl. Pflanzenr. 4(228) :222. 1913. 
Type Specimen.—Deppe, “Serro Colorado.” 
Distribution —Hidalgo to Vera Cruz and Oaxaca. 


Specimens Examined——Htpatco: Sierra de Pachuca, 9500 ft., Pringle 6939 (UC 
type coll. of E. Painteri var. typicum), Rose & Painter 6723 (US type of E. Painteri) ; 
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Sierra de Ajusco, 10000 ft., Pringle 13785 (U. Mich.); Real del Monte, Endlich 
1013 (B type of E .Painteri var. gigantophyllum, NY photo), Gregg 627, 637 (M in 
part). Vera Cruz: Orizaba, Mueller 1534 (NY); Las Vegas, 7000 ft., Pringle 8784 
(UC). Puesia: Boca del Monte, Purpus 3697 (UC, US), 1907 (UC). Oaxaca: 
Sierra de Reyes, 10000 ft., Pringle 6038 (UC). 


22. EryNcium FLuITANs M. E. Jones, Contr. West. Bot. 12:42. 1908. 


E. mexicanum Wats. sensu Wolff in Engl. Pflanzenr. 4(228):178, f. 30. 1913. Not 

Wats. 1891. 

E. Wolffii Mathias, Ann. Mo. Bot. Gard. 16:395. 1929. 

Type Specimen.—M. E. Jones, Matsh Lake, Sierra Madre Mts., Chi- 
huahua. (Po Type). 

Distribution—Chihuahua to Mexico, and Morelos. 

Specimens Examined—CHiHuAHUA: Marsh Lake, Sierre Madre, 7000 ft., Jones 
(Po Type, S). Duranco: El Salto (Aserraderos), 2530-2540 m., Pennell /8288 
(US). Mexico: shallow ponds, Flor de Maria, Pringle 3/80 (Carn., F, G type of E. 
W olffii, M, PA, UC, U. Mich.). Moretos: Cerro de los Valgos, 2300 m., Arsene 
(US). 


23. ERYNGIUM MADRENSE Wats. Proc. Amer. Acad. 23:274. 1888. 
Type Specimen.—Pringle 1531, “in ponds on the plains at the base of the 
Sierra Madre, Chihuahua.” 
Distribution —Chihuahua. 


Specimens Examined CHIHUAHUA: shallow ponds, base of Sierra Madre, Pringle 
2009 (UC). 


24. ERYNGIUM PHYTEUMAE Doelar. Eryng. 51. pl. 21. 1808. 


. cylindraceum (cylindricum) Willd. ex Spreng. Syst. 1:872. 1825, in synon. 
:. horminoides DC. Prodr. 4:94. 1830, ex char. fide Wolff. 

1. phyteumatos Benth. Pl. Hartw. 38. 1839. 

. discolor Wats. Proc. Amer. Acad. 18:193. 1883. 

. mexicanum Wats. Proc. Amer. Acad. 26:136. 1891. Not sensu Wolff 1913. 


Type Specimen.—Humboldt & Bonpland, “Nova Hispania.” 

Distribution —Arizona and Chihuahua to Mexico. 

Specimens Examined.—Arizona: Cienaga, Tanner's Canon, Huachuca Mts., Lem- 
mon & Lemmon 17/4, Lemmon 27/4 (UC). CHIHUAHUA: near Colonia Garcia, Sierra 
Madre, 7400 ft., Townsend & Barber 291 (UC); 2250-2300 m., Pennell 19/51 (PA, 
UC, US); Memelichi, Rio Mayo, 7500 ft., Gentry 2770 (UC). Mexico: wet 
meadows, Del Rio, Pringle 3229 (UC). 


25. EryYNGIUM CoMOSUM Delar. Eryng. 30. pl. 7. 1808. 


Type Specimen.—Humboldt & Bonpland, “Nova Hispania.” 
Distribution —Mexico and Federal District. 
Specimens Examined.—MeExico: Pedregal near San Angel, Purpus 57/8 (M, NY, 


UC); Valley of Mexico, Matuda 2276 (U. Mich.). D. F.: Valley of Mexico, Pringle 
3203 (UC); Olivar, Orcutt 3572 (M). 


26. ERYNGIUM CARLINAE Delar. Eryng. 54. pl. 23. 1808. 


E. radiatum Willd. ex Spreng. Syst. 1:875. 1825, in synon. 
E. affine Wolff in Fedde Repert. 7:345. 1909. 
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Type Specimen.—Collector unknown, “Nova Hispania.” 

Distribution Durango and Hidalgo south to Guatemala and Costa Rica. 

Specimens Examined—Duranco: Metates, 2800-2900 m., Pennell 18407 (PA, 
US); El Salto, 2500-2530 m., Pennell 18532 (PA, UC, US); Durango, Garcia 3/8 
(US). Hipatco: Sierra de Pachuca, 9500 ft., Pringle 69/6 (UC), 98/2 (U. Mich.). 
Vera Cruz: Toxongo, Coscometepec, Matuda 1374 (U. Mich.); Orizaba, Mueiler 
560 (NY); Popocatepetl, 8200 ft., C. L. Fischer 35243 (UC). Mexico: Orcutt 3709 
(M, US). Puesia: Esperanza, Purpus 2/46, 3066 (UC). GuaTEMALA: San Joaquin, 
Alta Verapaz, 1000 m., Turckheim I] 2052 (US); Chichavec, Chimaltenango, 2400- 
2700 m., Skutch 20 (US). Costa Rica: Las Concavas, near Cartago, 1140-1260 m.. 
G. P. Cooper 1 (US); “auf Wiesen des Berges Tavannah (?)” Polakowsky 25 (B 
type of E. affine, NY photo). 


27. ERYNGIUM BrCHEYANUM Hook. & Arn. Bot. Beechey Voy. 294. 1840. 


. tenue Hook. & Arn. Bot. Beechey Voy. 293. 1840. Not Lam. 1797. 
:. cryptanthum Hemsl. in Hook. Ic. 26: pl. 2509. 1899. 

©. fenuissimum Hemsl. op. cit. pl. 2580. 

:. Seleri Wolff in Fedde Repert. 7:275. 1909. 

Type Specimen.—Lay @& Collie, Talisco (Jalisco), Sierra Madre. 

Distribution—Sonora and Chihuahua to Mexico and Michoacan. 

Specimens Examined——Sonora: Rio Curahui, Cerro Saguarivo, E. of San Ber- 
nardo, 1500 m., Pennell 19593 (PA, US). CHinuAHuA: Guicorichi, Rio Mayo, 
Gentry 1995 (UC). Sinatoa: Carrizo, Cerro de La Sandia N.E. of Panuco, 1800- 
2000 m., Pennell 20/20 (PA, US). Nayarit: E. of Tepic, 950-1000 m., Pennell 
1995] (PA, US). MicHoacan: Patzcuaro, Seler 1235 (NY); wet soil near Lake 
Patzcuaro, Pringle 4/20 (UC, U. Mich.) ; Coru Station, 7000 ft., Pringle 13526 (U. 
Mich.). Mexico: Chorrera, Temascaltepec, 1230 m., Hinton 2/94 (US). 

This species is to be separated with difficulty if at all, from Eryngium 
heterophyllum on the one side and E. carlinae on the other. Its distinguishing 
characters seem to be its biennial habit, small ovoid-cylindrical heads, narrow 
entire or few-toothed bracts, small obtuse sepals, papillate fruit and its range. 
It has narrower involucral bracts and more deeply cut cauline leaves, and is 
morte widely branching in the inflorescence than is usually the case with E. 
carlinae. Eryngium heterophyllum is a stouter plant with a perennial taproot 
and more deeply divided basal leaves. Eryngium tenuissium is thought to be a 
“starveling,” like Hinton 2194 (US). 


28. ERYNGIUM HETEROPHYLLUM Engelm. in Wislez. Tour N. Mex. 
106. 1848. 


. Wrightii Gray, Pl. Wright. 1:78. 1852. 
. medium Hemsl. in Hook. Ic. 28: pl. 2767. 1903. 
<. Altamiranoi Hemsl. & Rose, oe U. S. Nat. Herb. 10:129. 1906. 


‘. confusum Hemsl. & Rose, op. cit. 


9. 
‘. Endlichii Wolff in Fedde Repert. ‘8: :306. 1910. 
Type Specimen.—Wislizenius (176), “in valleys about Cosihuiriachi,” 
Chihuahua (M Type). 
Distribution —Texas to Arizona south to San Luis Potosi and Oaxaca. 
Typical Specimens—ArizoNA: Apache Pass, Chirricahua Mts., 1881, Lemmon 
(UC); plains, Sonoita, Harrison & Kearney 57/2 (US); open flats, Tanner Canyon, 


Huachuca Mts., Goodding 789 (US). CHinuAHua: hills about Parral, 5700 ft., 
Pringle 13530 (U. Mich.); Rosario, E. of La Junta, 2100 m., Pennell 18738 (PA, 
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US); Colonia Juarez, 1500-1700 m., Pennell 19038 (PA, UC, US); about Cosihuir- 
iachi, Wislizenius 176 (M Type); Sierra Azul, 1530-1550 m., Pennell /863/ (PA, 
UC, US); road between Guadalupe y Calvo & Parral via San Julian, 7000-8000 ft., 
Nelson 4929 (US type of E. medium). Duranco: City of Durango and vicinity, 
Palmer 498 (UC); Sierra de la Candida, Endlich 23 (B type of E. Endlichii, NY 
photo); Otinpa, Palmer 384 (NY, UC, US); Carpintero, 2000-2100 m., Pennell 
18192 (PA, US); Cerro de Mercado, N. of Durango, 1900-2000 m., Pennell 18/39 
(PA, UC, US). Zacatecas: Frio, 2200-2300 m., Pennell 18/17 (PA, UC, US). 
San Luis Potosi: San Luis Potosi, Palmer 39 (M), Schaffner 548 (NY), 2100- 
2300 m., Pennell 17645 (PA, US); Charcas, Lundell 5286 (U. Mich.). Jauisco: 
Guadalajara, 5000 ft., Pringle 98/4 (US), 1/462 (U. Mich., US), M. E. Jones 
27069 (UC), Palmer 458 (US), Rose & Painter 7338 (US); Barranca del Portillo, 
Guadalajara, Altamirano 20 (US type of E. Altamiranoi). Oaxaca: Las Sedas, 6000 
ft., C. L. Smith 882 (M, US), 6200 ft., Pringle 67/0 (UC, US), 2000 m., Conzatti 
4201 (US), 6000 ft., Pringle 5544a (US); Valley of Oaxaca, 6800-7800 ft., Nelson 
1565 (US type of E. confusum) ; Nochistlan, 2000 m., Conzatti 1884 (US). 


29. ErRyYNGIUM LEMMONI Coult. & Rose, Bot. Gaz. 14:279. 1889. 


E. Goldmani Hemsl. in Hook. Ic. 27: pl. 2368. 1900. 
E. argutum Hemsl. ex Wolff in Engl. Pflanzenr. 4(228) :195. 1913, in synon. 


Type Specimen.—Lemmon 17, “Chirricahua Mountains, southeastern Ari- 
zona,” Sept. 1881 (US Type). 
Distribution Arizona and Chihuahua to Durango. 


Typical Specimens—ArizonaA: Chirracahua Mountains, Lemmon 17 (US Type, 
UC); Pine Canyon, Chiricahua Mts., 6500 ft., Blumer 1463 (S, US); Garden Can- 
yon, Huachuca Mts., Harrison & Kearney 5757, 5765 (US); Johnston’s Ranch, near 
Monument no. 88, Mearns 1776 (US). Sonora: Cananea, Donnelly 6 (UC). Cui- 
HUAHUA: Sierra Madre, 7000-9000 ft., Pringle 20/0 (UC, US); near Colonia Garcia, 
7600 ft., Townsend & Barber 242 (UC, US); Barranca Colorado, Sierra Gazachic, 35 
km. S.W. of Minaca, 2200-2350 m., Pennell 18913 (PA, UC, US); Colonia Garcia, 
2250-2300 m., Pennell 19/38 (PA, UC, US); Sierra Madre near Guarachi, 6500- 
6800 ft., Goldman 168 (US type of E. Goldmani). Duranco: Sandia, 10000 ft., 
Pringle 13702 (US). 


30. ERYNGIUM CALASTER Standl. Field Mus. Publ. Bot. 22:24. 1940. 


Type Specimen.—H. S. Gentry 2762, Memelichi, Rio Mayo, Chihuahua, 
7500 ft. (F Type). 
Distribution —Chihuahua to Durango. 


Specimens Examined.—CHIHUAHUA: Memelichi, Rio Mayo, 7500 ft., Gentry 2762 
(UC type coll.). Duranco: El Salto, 2530-2540 m., Pennell 18284 (PA, US). 


31. EryNGtuM LEAVENWoRTHII Tort. & Gray, Fl. N. Amer. 1:604. 1840. 


Type Specimen.—Leavenworth, “Red River, Arkansas.” 


Distribution.—Kansas to Texas. 


Typical Specimens—Kansas: Allen Co., Oyster 3024 (UC). OKLAHOMA: Snyder. 
Kiowa Co., E. J. Palmer 13077 (UC); Hugo, Choctaw Co., E. J. Palmer 9008 
(US); False Washita between Fort Cobb and Fort Arbuckle, E. Palmer 146 (US). 
Texas: Lindheimer 403 (UC); New Braunfels, Lindheimer 836, 837 (UC, US); 
Tarrant Co., A. Ruth 68 (UC, US); W. Texas to El Paso, Wright 73/ (US); 
valley of Rio Grande below Dofiana, Mex. Boundary Surv. 41] (US); N. Grape 
Creek, Gillespie Co., Jermy 7/7 (US); Weatherford, Tracy 8347 (US); Dallas, 
Reverchon 4335 (US), Bush 1131 (US), Reverchon 1003A (US). 
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32. ERYNGIUM DIFFUSUM Torr. Ann. Lyc. N. Y. 2:206. 1828. 
E. prostratum James ex Wats. Bibl. Ind. 421. 1878, nomen in synon. 

Type Specimen.—]ames, “On the Canadian,” probably Oklahoma, 1820 
(NY Type). 

Distribution —Texas and adjacent Oklahoma. 

Typical Specimens OKLAHOMA: Cash Creek, Sheldon 169 (US); Cherokee Out- 
let, Cheyenne Co., Carleton 454 (US), 1820, James (NY Type). Texas: Tilden, 
Schulz 41 (US); Scurry Co., B. B. Harris 23 (US); Vernon, Reverchon 3852 
(US); Berlandier 1078 (M); Nueces River, Berlandier 2508 (US); Lubbock, E. L. 
Reed 3138 (US); Baylor Co., Reverchon 356 (US); Cherry Springs, Gillespie Co., 
Jermy 644, 643 (US). 


33. EryNctum Hooxeri Walp. Repert. 2:389. 1843. 
E. coronatum Torr. & Gray, Fl. N. Amer. 1:604. 1840. Not Hook. & Arn. 1833. 


Type Specimen —Drummond, Texas. 

Distribution Eastern Texas and adjacent Oklahoma. 

Typical Specimens—OKLAHOMA: Cache, Comanche Co., Stevens 134/-H (US). 
Texas: Dallas, Reverchon 20/1 (US), Hall 243 (US), Reverchon 357 (US); Den- 
ton, Ruth 1172 (US); Tres Palacios, Tharp 2423 (US). 


34. ERYNGIUM SPICULOSUM Hemsl. in Hook. Ic. 26: pl. 2507. 1897. 
? E. Haenkei Presl ex DC. Prodr. 4:94. 1830. 
Type Specimen.—Ocampo, Mexico. 
Distribution —Guerrero. 
Specimens Examined.—GvuErRERO: Iguala Canyon, 2500 ft., Pringle 10344 (UC, 
U. Mich.). 


35. ERYNGIUM NASTURTIIFOLIUM Juss. ex. Delar. Eryng. 46. pl. 17. 1808. 
E. compactum Small, Fl. S. E. U. S. 863, 1336. 1903. 
Type Specimen.—Houston, “America meridionale.” 
Distribution —Texas west to Baja California south to Mexico and Vera 


Cruz; Cuba. 

Typical Specimens—TeExas: Sabinal, Uvalde Co., E. J. Palmer 11517 (UC); 
Mex. Boundary Surv. 4/2a (NY type of E. compactum); San Benito, Tharp 2859 
(US). Baya Cairornia: San Jose del Cabo, Brandegee (S, UC, US), Anthony 429 
(US); north of El Refugio, Shreve 7/70 (UC), Whitehead 805 (S). Sonora: San 
Carlos Bay, Johnston 4359 (US); Navajoa, Rose 13/50 (US); 25 miles west of 
Sonoyta, Shreve 7604 (UC); Playa or !lano 32.5 miles west of Sonoyta on road to 
San Luis, Wiggins 8390 (S, UC). SinaLoa: Mazatlan, Goldman 382 (US), Purpus 
371 (UC, US), Rose 13706 (US). Nuevo Leon: near Monterey, 1700 ft., Pringle 
10172 (U. Mich., US), 10572 (UC). San Luis Potosi: Las Canoas, Pringle 4098 
(UC, U. Mich., US). Vera Cruz: Remulatero, Purpus 866] (UC, US); Misantla. 
NY). 5915 (UC, US). Cusa: banks of Suyano (>) River, Habana, Ledn 2522 


36. ERYNGIUM REPTANS Hemsl. in Hook. Ic. 26: pl. 2543. 1897. 
Not Willd. ex Spreng. 1825, nomen. 
Type Specimen.—Bernoulli & Cario 2745, Quezaltenango, Guatemala. 


Distribution —Known only from the type collection. 
Specimens Examined—No material of this entity has been available for study. 
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37, ERYNGIUM DIVARICATUM Hook. & Arn. in Hook. Bot. Misc. 3:350. 1833. 


E. flaccidum Hook. & Arn. in Hook. Bot. Misc. 3:350. 1833. 

Type Specimen.—Tweedie, Buenos Aires, Argentina. 

Distribution —Introduced from Argentina on the coasts of North Carolina 
and Florida. 


Specimens Examined.—NortH Caro.ina: ballast, Wilmington, 1892, G. McCar- 
thy (US). FLorwa: moist ballast ground, Pensacola, 1897, Curtiss (US). 


38. ERYNGIUM FOETIDUM L. Sp. Pl. 1:232. 1753, in principal part, 
exclusive of synonymy. 


E. antihystericum Rottb. Act. Lit. Univ. Hafn. 1:288. 1778. 
E. foetidum f. comosum Urb. in Mart. Fl. Bras. 11(1) :301. 1879. 
E. foetidum f. nudum Wolff in Engl. Pflanzenr. 4(228) :203. 1913. 


Type Specimen.—Collector unknown, Mexico. 
Distribution—Vera Cruz to Panama and the West Indies. 


Typical Specimens—VeERA Cruz: Zacuapan, Purpus 2030 (M, UC, US), /07/8 
(US); Misantla, Purpus 59/6 (M, UC, US). British Honpuras: Kendal, 150 ft., 
Schipp 808 (M, UC). Guatemata: Cubilquitz, Alta Verapaz, 350 m., Tuerckheim 
82/9 (M, US); Chicoyonita, Alta Verapaz, 4300 ft., J. Donnell Smith 1687 (US). 
Honpuras: Lancetilla Valley, near Tela, Atlantida. 20-600 m., Standley 55640 
(US). Ex Satvapor: San Salvador, Calderon 38 (US), 650-850 m., Standley 23286 
(US). Nicaracua: Las Nubes and vicinity, S. of Managua, 800-900 m., Maxon 7470 
(US). Costa Rica: Puerto Viejo, Pittier 742/ (US); Collines a Nicaya, Tonduz 
13511 (US). Panama: Puerto Obaldia, San Blas coast, 0-50 m., Pittier $364 (US). 
Cana Zone: Chagres, Fendler 133 (M, US); Ancon, 20-80 m., Pittier 3959 (US). 
Cusa: Paso Estancia, Oriente, Shafer 1602 (US). Jamaica: Hope grounds, 700 ft., 
Harris 11888 (M, US); Port Antonio, Fredholm 3007 (US); trail from Bath to 
Cuna Cuna Pass, Maxon 1725 (US). Hartt: vicinity of Kalacroix, Section Dessalines, 
Dept. l’Artibonite, 700 m., Leonard 7983 (UC, US); Massif du Nord, Marmelade, 
road to Dondon, about 600 m., Ekman H. 8257 (US). Dominican Repustic: Mon- 
cion, Prov. Monte Cristy, Valeur 79/ (US), 247 (M, US). Puerto Rico: near 
Hacienda Perla, Luquillo Mts., N. side, Heller 1047 (US). GuapELoupeE: Basse- 
Terre, Duss 2296 (US). Martinique: St. Pierre, Port de France, etc., Duss 1752 
(US). Barsapos: Jordans, St. George, Bot. Sta. Herb. 478 (US). Winpwarp Is.: 
Grenada, Elliott 136 (US). 


39. EryNGIuM BaLpwINI Spreng. Syst. 1:870. 1825. 


E. gracile Nutt. Gen. 1:175. 1818. Not Delar. 1808. 
E. gracile Baldw. ex. Elliott Sketch. 1:345. 1825. Not Delar. 1808. 
E. reptans Willd. ex Spreng. Syst. 1:870. 1825, nomen. 
Strebanthus auriculatus Raf. in Ser. Bull. Bot. 1:218. 1830. 
S. humilis Raf. New Fl. Amer. 4:35. 1836. 
S. gracilis Raf. op. cit. p. 36. 
S. tenuifolia Raf. op. cit. p. 36. 
Klonion gracile Raf. op. cit. p. 36. 
K. tenuifolium Ref. op. cit. p. 36. 
Alirsita pumila Raf. op. cit. p. 36. 
Eryngium filiforme Shuttlw. ex Gray, Pl. Wright. 1:78. 1852, in footnote. 
E. filiforme var. latifolium Shuttlw. op. cit. 
E. Cervantesii Delar, sensu Chapm. Fl. S. U. S. 160. 1860. Not Delar. 1808. 
E. prostratum Wood, Class Book 378. 1861. Not Nutt. 1830. 
Type Specimen.—Collector unknown, “Carolina, Florida.” 


Distribution —Southeastern Georgia to Florida. 


NORTH AMERICAN SPECIES OF ERYNGIUM 379 


Typical Specimens—Georaia: near Folkston, Biltmore Herb. 2359b (US). Fior- 
IDA: Eustis, Lake Co., Nash 1874 (US), 545 (UC, US); sandy shores of Indian 
River, Curtiss 1002 (UC, US); dry sandy soil along coast, Apalachicola, Chapman 
(Biltmore Herb. 2359) (US); moist sandy spot enar Jacksonville, Curtiss 54/4 (UC, 
US); Perico Island, Tracy 6835 (UC, US); Shell Island, Tracy 7446, 7445 (US); 
Lemon City, Tracy 7446 (US); cypress swamp, vic. Fort Myers, Lee Co., Standley 
12868 (US). 


40. ERYNGIUM PROSTRATUM Nutt. ex DC. Prodr. 4:92. 1830. 


Strebanthus heterophylus Raf. New Fl. Amer. 4:35. 1836. 
Eryngium Baldwinii var. B. Torr. & Gray, Fl. N. Amer. 1:605. 1840. 
E. prostratum var. foliosum Wood, Class Book 378. 1861. 

Type Specimen.—Nuttall, “in Americae bor. Territoria Arkansano.” 

Distribution —Tennessee to Florida west to Missouri and Texas. 

Typical Specimens—GEorGIA: swampy pine woods near Thomasville, Curtiss 68/4 
(UC, US). Mississippi: Saratoga, Tracy 863/ (US). Louisiana: borders of roads, 
Atakapas, Langlois 5] (US); wet pine woods, Alexandria, Ball 472 (US); ditches, 
Baton Rouge, Ball 382 (US); low open ground, Natchitoches, E. J. Palmer 7484 
(US). Missouri: Campbell, Bush 6/80 (US); sandy soil, Monteer, Bush 5/37 
(US); 4 mi. N. of Charleston, Mississippi Co., Steyermark 9075 (UC). ARKANsAs: 
wet sand by St. Francis, Lake City, Craighead Co., Demaree 7009 (US); low open 
ground, Londen, Pope Co., E. J. Palmer 8/66 (US). OxLaHoma: Sapulpa, Bush /93 
(US). Texas: swamps, Mineola, Reverchon 2009 (US); bogs, Hempstead, Hall 242 
(US); 3'4 mi. N. of Jasper, Jasper Co., Cory 22706 (UC). 


41. Erynctum Cervantes Delar. Eryng. 47. pl. 18, f. 1. 1808. 
E. viviparum Cerv. Fl. Mex. ined. ex Delar. Eryng. 47. 1808. Not J. Gay 1848. 
Type Specimen.—Cervantes (?), Mexico. 
Distribution.—Hidalgo to Michoacan. 


Specimens Examined.—Hwatco: Jaral, Schumann 677 (US). Micuoacan: low 
dry plains east of Zimipeo between Morelia & Zamora, Gregg 806 (M). 
This little known species is distinguished by the small heads in a mono- 


chasial inflorescence, dimorphic scales on the fruit, and narrow leaves. 


42. EryNGiuM Roser Hemsl. in Hook. Ic. 26: pl. 2579. 1899. 
Type Specimen.—Rose 2035, “between Dolores and Santa Gertrudis,” 
Mexico. (US Type). 
Distribution Nayarit and Zacatecas. 


Specimens Examined——Nayarit: Sierra Madre, between Dolores & Santa Gertrudis, 
Rose 2035 (US Type), 3456 (US). Zacatecas: Sierra Madre, Rose 3526 (US). 


43. ERYNGIUM RANUNCULOIDES Benth. Pl. Hartw. 38. 1839. 
Type Specimen.—Hartweg 294, “in pascuis montanis, Anganguio.” 
Distribution.—State of Mexico. 
Specimens Examined.—MeExico: Valley of Toluca, Pringle 42/7 (UC, U. Mich.). 


44. ErYNGIUM GHIESBREGHTII Decne. Bull. Soc. Bot. France 20:21. 1873. 
Type Specimen.—Bourgeau, “prope Hinchilique et Ciudad-Real,” Chiapas. 
Distribution Morelos to Chiapas. 


Specimens Examined—Moretos: Parque Station, 7500 ft., Pringle 13527 (U. 
Mich.) ; Sierra de Tepotlan, 7500 ft., Pringle 13789 (U. Mich.); Cuernavaca, 7000 
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ft., Pringle 6386 (CA, UC); Valle del Tepeite, Lyonnet 984 (US). Cuiapas: 
Hacienda Monserrata, Purpus 9/63 (UC); Cascada, Matuda 16/5 (U, Mich.). 


45. EryNcium GALLEoTTi Hemsi. in Hook. Ic. 26: pl. 2510. 1897. 


E. Ghiesbreghtii Dene, sensu Coult. & Rose, Contr. U. S. Nat. Herb. 3:299. 1895. Not 
Dene. 1873 


Type Specimen.—Galeotti 2767, “Cordillera of Oaxaca at 7,000 to 8,000 
feet.” 
Distribution.—Mexico to Oaxaca. 


Specimens Examined—Mexico: La Sierrita, Temascaltepec, 2450 m., Hinton 2759 
(K, US). Oaxaca: Sierra de San Felipe, 8000 ft., Pringle 4746 (M, UC); 7000- 
8000 ft.. C. L. Smith (US); Mts. near Tlapancingo, 6000-8000 ft., Nelson 206] 
(US) ; Cordillera of Oaxaca, Galeotti 2767 (Brux type coll.). 


46. ERYNGIUM GRACILE Delar. Eryng. 54: pl. 24. 1808. 


E. longirameum Turcz. Bull. Soc. Nat. Mosc. 20(1):171. 1847. 
E. paucisquamosum Hemsl. in Hook. Ic. 26: pl. 2505. 1897. 


Type Specimen.—Collector unknown, “In locis humidis novae Hispaniae.” 
Distribution —Michoacan to Chiapas. 


Specimens Examined.-MicHoacan: Uruapan, 5000 ft. Pringle 10/43 (UC). 
Oaxaca: Cuesta de San Juan del Estado, 7500 ft., Pringle 49/0 (UC); Cerro de 
San Felipe, Camp 2373 (NY); near Tlaxiaco, Camp 2274 (NY). Cuiapas: Chiapas, 
etc., Ghiesbreght 806 (M), /3/ (NY). State Unpvet.: Cumbre de Salya, Liebmann 
11218 (UC). 


47. ErYNGIUM SCAPOSUM Turcz. Bull. Soc. Nat. Mosc. 20(1) :172. 1847. 


©. Nelsoni Coult. &. Rose, Contr. U. S. Nat. Herb. 3:300. 1895. 
©. longipetiolatum Hemsl. in Hook. Ic. 26: pl. 2504. 1897. 

‘. costaricense Wolff in Fedde Repert. 7:278. 1909. 

;. commutatum Wolff, op. cit. 8:306, 1910. 


Type Specimen.—Galeotti 2766, “Oaxaca,” 9000 ft. 
Distribution —Odaxaca to Costa Rica. 


Specimens Examined.—Oaxaca: Oaxaca, 9000 ft., Galeotti 2766 (Brux type coll.) 
mountain slopes near Tlaxiaco, Camp 2260 (NY); Cerro Verde, Purpus 3538 (UC); 
Sierra de San Felipe, 10300 ft., Pringle 4834 (UC type coll. of E. commutatum) ; 
mountains about Yalalog, 6000 ft., Nelson 972 (US); La Parada, 7500-8000 ft., 
Nelson 1011 (US type of E. Nelsoni). Criapas: near San Cristobal, 7000-8000 ft., 
Nelson 3151 (US type of E. longipetiolatum), 3229 (US). Costa Rica: paturages 
au volcan de Turrialba, 2600 m., Pittier 13200 (J. Donnell Smith 7528) (US type 
coll. of E. costaricense), Pittier & Durand 883 (US); Cerro de Buena Vista, 3100 
m., Pittier & Durand 3478 (UC); Cerro de las Vueltas, San Jose, 2700-3000 m., 
Standley & Valerio 43634, 43680, 43715, 43874 (US). 


48. EryNctumM Bonptanoi Delar. Eryng. 52: pl. 22. 1808. 


-- Bonplandianum HBK. Nov. Gen. & Sp. 5:25. 1821. 

». microcephalum Willd. ex. Spreng. Syst. 1:871. 1825. 

. planum Sesse & Moc. Fl. Mex. ed. 2:75. 1894. Not L. 1753. 
2. Schaffneri Hemsl. in Hook. Ic. 26: pl. 2545. 1897. 

|. leptopodum Hemsl. in Hook. Ic. 26: pl. 2546. 1897. 


Type Specimen.—Collector unknown, “Nova Hispania.” 
Distribution —San Luis Potosi to Morelos. 


Typical Specimens.—San Luis Potosi: Alvarez, Palmer 184 (M, NY, UC, US), 
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2100-2300 m., Pennell 1781/9 (PA, UC, US). Mexico: Nevada de Toluca, 10000 ft.. 
Pringle 4283 (UC, U. Mich.). Moretos: Lagunas de Zempoala, Lyonnet 2475 (US). 


49. ERYNGIUM PLANUM L. Sp. Pl. 1:233. 1753. 


Type Specimen.—Collector unknown, “In Russia, Polonia, Austria, 
Helvetia.” 

Distribution._-Introduced from Europe at Salem, Oregon. 

Specimens Examined.—Orecon: Salem, Marion Co., 1928, Thompson 4986 (US). 


50. ERYNGIUM MARITIMUM L. Sp. Pl. 1:233. 1753. 


Type Specimen.—Collector unknown, “Ad Europae littorae arenosa marti- 
tima.” 
Distribution.—_Introduced from Europe on Ellis Island, New York. 


Specimens Examined—New York: Ellis Island, in vicinity of Marine Hospital, 
1922, Collector unknown (US). 


51. ERYNGIUM CAMPESTRE L. Sp. PI. 1:233. 1753. 


Type Specimen.—Collector unknown, “In Germaniae, Galliae, Hispaniae, 
Italiae incultis.” 

Distribution.—Introduced from Europe on the coast of New Jersey, Mary- 
land and Alabama. 


Specimens Examined.-MaryLanD: ballast, Clinton, 1891, Sollerts (US); ballast, 
Baltimore, 1891, Taylor (US); near Baltimore, 1898, Plitt / (US). New Jersey: 
ballast, Camden, 1882, Mohr & Martindale (US). ALABAMA: ballast, Mobile, 1891, 
Mohr (US). 


52. ERYNGIUM SERRATUM Cav. Anal. Hist. Nat. 2:132. 1800. 
E. Schiedeanum Cham. & Schlecht. Linnaea 5:206. 1830. 


Type Specimen.—Collector unknown, “Huanajuato, Nueva-Espafia.” 
Distribution —San Luis Potosi to Vera Cruz and Mexico. 


Specimens Examined—San Luis Poros: region of San Luis Potosi, 6000-8000 ft., 
Parry & Palmer 284 (M); Alvarez, Palmer 501%. (M); Charcas, Whiting 8/0 (U. 
Mich.) ; Sierra de San Miguelita S. of San Luis Potosi, 2100-2300 m., Pennell 17685 
(PA, UC, US). Mexico: Pedregal near Tlapam, Purpus 57/7 (UC); Rio Hondo 
Canyon, Pringle 3156 (M, UC, U. Mich.). Vera Cruz: in graminosis prope Jalapam, 
Schiede & Deppe 412 (M), Schiede 282 (M, NY). 


53. ERYNGIUM AQUATICUM L. Sp. Pl. 1:232. 1753. 


=. foetidum L. Sp. Pl. 1:232. 1753, in part, but not as to name-bearing plants. 
=. foetidum L. sensu Walt. Fl. Carol. 112. 1788. 
©. virginianum Lam. Encyc. 4:759. 1797. 
Plukenetii Elliott, Bot. 1:582. 1821. 
=. aquaticum Michx. Fl. Bor. Amer. 1:163. 1803, not of ed. 2. 
. praealtum Gray, Bost. Journ. Nat. Hist. 6:210. 1850 (PI. Lindh.). 

Type Specimen.—Collector unknown, “Virginia.” 

Distribution —Atlantic Coast from New Jersey to Georgia. 

Typical Specimens—NeEw Jersey: Cape May, Pennell 2222 (US); sandy bog. 
Cold Spring, Cape May Co., Killip 353 (US). Vircinia: Quantico, Tidestrom 7580 
(UC); Norfolk Co., Kearney 2380 (US); Cape Charles City, Canby 82/ (US). 
NortH CAROLINA: in mud near limit of high tide, bank of Cape Fear River, 12 mi. 
below Wilmington, Dewey 454 (US); Elizabeth City, Pasquotank Co., Kearney 2008 
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(US). SoutH Carona: Cat Island, Georgetown Co., Alexander 1/2 (US). Geor- 
GIA: marsh along Savannah River, S. E. corner of Effingham Co., Harper 1839 (US). 


53a. Eryngium aquaticum L. var. floridanum (Coult. & Rose) comb. nov. 
E. floridanum Coult. & Rose, Bot. Gaz. 13:142. 1888. 

Type Specimen.—Curtiss, “brackish marshes (near Jacksonville), Florida.” 
(US Tyee). 

Distribution —Florida. 

Specimens Examined.—F.orwwa: near Jacksonville, Curtiss 4337 (UC, US); Jack- 


sonville, Curtiss (US Type); marshes near Jacksonville, Curtiss 998 (US); Tampa, 
Carber (US); Chapman (US). 


53b. Eryngium aquaticum L. var. Ravenelii (Gray) comb. nov. 


E. Ravenelii Gray, Bost. Journ. Nat. Hist. 6:209. 1850 (PI. Lindh.). 
E. Mettaueri Wood, Class Book ed. 2. 379. 1860. 


Type Specimen.—Ravenel, “in flat and damp pine land, Black Oak, St. 
John, Berkeley district, South Carolina.” 
Distribution—South Carolina to Florida. 


Specimens Examined.—SoutH Caro.ina: Aiken, 1869, Ravenel (US); low coun- 
try, 1882, Ravenel (US); flat pinelands, seaboard, Ravenel (US). Georcia: Sumter 
Co., Harper 469 (US); S. W. of Tifton, Harper 1690 (US). Fiorwa: Apalachicola. 
Chapman 6 (US); Newpoit, Mettauer (US type coll. of E. Mettaueri); south end of 
Jefferson Co., 1927, Harper (US); Chapman (US); St. Mark's, Wakulla Co., Nash 
2537 (US), Rugel 276 (US). 


54. ERYNGIUM INTEGRIFOLIUM Walt. Fl. Carol. 112. 1788. 


. virgatum Lam. Encycl. 4:757. 1797. 

. ovalifolium Michx. Fl. Bor. Amer. 163. 1803. 

. americanum Walt. ex Spreng. in Roem. & Schult. Syst. 6:337. 1820. 

. ludovicianum Morong, Bull. Torrey Club 14:51. 1887. 

; _— var. ludovicianum Morong ex Coult. & Rose, Rev. N. Amer. Umbel. 96. 
. integrifolium var. ludovicianum Coult. & Rose, Contr. U. S. Nat. Herb. 7:48. 1900. 
. integrifolium var. typicum Wolff in Engl. Pflanzenr. 4(228) :160. 1913. 

. integrifolium var. lanceolatum Wolff, op. cit. p. 163. 


Type Specimen.—Walter, “presumably in the Carolinas.” 
Distribution—North Carolina to Florida west to Oklahoma and Texas. 


Typical Specimens—NorTH CAROLINA: swampy places near Biltmore, Biltmore 
Herb. 23576 (US). Georcia: open bog near Woodbury, Meriwether Co., Harper /252 
(US). Frorwa: St. Mark's, Rugel 277 (US), Nash 2539 (US); borders of swamps, 
Walton Co., Curtiss 1000 (US); moist pine barrens near McClenny, Curtiss 6008 
(UC, US). TeNNEssEE: 5 mi. W. of Selmer, McNary Co., Svenson 4348 (UC). 
Mississippi: Biloxi, Tracy 4479 (US). Louisiana: Covington, Arsene 12533, 12525 
(US); Natchitoches, Langlois (NY type of E. ludovicianum). Texas: Texarkana, 
Bowie Co., Heller & Heller 4089 (UC, US); Tyler, Reverchon 2010 (NY); 7 mi. 
N. of Silsbee, Cory 19974 (UC); Fletcher, E. J. Palmer 12739 (UC); Grapeland, 
Houston Co., E. J. Palmer 12853 (UC). 


55. ERYNGIUM AROMATICUM Baldwin ex Elliott, Sketch. 1:344. 1821. 
Type Specimen.—Collector unknown, “In dry pine barrens, Florida.” 


Distribution —Georgia and Florida. 


Typical Specimens.—GeorciA: dry sand ridge near Jesup, Wayne Co., Harper 
1998 (US). Fiorma: dry pine barrens near Jacksonville, Curtiss /00/, 5215, 4335 
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(UC, US); Lake City, Columbia Co., Nash 249] (US); Braidentown, Tracy 7444 
(US); Chapman 1/22 (US). 


56. ERYNGIUM CUNEIFOLIUM Small, Man. S. E. Fl. 964, 1506. 1933. 

Type Specimen.—Small @ Mosier, about Lake Nancesomee, Florida (NY 
Type). 

Distribution.—Southern Florida. 


Specimens Examined—F.orwa: about Lake Nancesomee, Small & Mosier (NY 
Type); sand dunes about Lake Jackson near Sebring, Small (UC). 


57. ERYNGIUM ARTICULATUM Hook. Lond. Journ. Bot. 6:232. 1847. 


E. Harknessii Curran, Bull. Calif. Acad. 1:153. 1885. 
E. petiolatum of authors, 1840-1900. Not Hook. 1834. 
E. articulatum var. Bakeri Jepson, Madrono 1:104. 1923. 

Type Specimen—Geyer 583, “stony edges of the Spokan River and 
Skitsoé and Coeur d’Aleine Lakes,” Idaho. 

Distribution.—Northern Idaho to central California; swamps, river marshes 
and salt marshes. 

Typical Specimens.—IpaHo: Coeur d'Alene, Kootenai Co., Leiberg 1543 (NY. 
UC). Orecon: Keno, Cusick 2834 (UC). Cairornia: Sisson, Baker 38/9 (UC, 
US); 10 mi. N. of Redding, Heller 12500 (CA, US); S. Fork of Trinity River, 
Trinity Co., Tracy 77/7 (CA); between Hamilton & Orland, Glenn Co., Heller 
11558 (CA, US); Suisun, Solano Co., 1892, Jepson (NY, UC); Egg Lake, Modoc 
Co., Baker (US type coll. of E. articulatum var. Bakeri); between Gilroy & Morgan 
Hill, Santa Clara Co., Abrams 5567 (NY). 


58. ERYNGIUM ARMATUM (Wats.) Coult. & Rose, Bot. Gaz. 13:141. 1888. 


E. petiolatum var. armatum Wats. Bot. Calif. 1:255. 1876. 
E. longistylum Coult. & Rose, Contr. U. S. Nat. Herb. 7:55. 1900. 
E. Harmsianum Wolff in Fedde Repert. 8:415. 1910. 
Type Specimen.—Brewer etc., “Monterey to Humboldt County,” Cali- 


fornia. 

Distribution—Northern and central California coast; inland in vicinity of 
San Francisco Bay and estuaries. 

Typical Specimens.—Ca.irornia: Shelter Cove, Humboldt Co., Tracy 4994 (UC): 
Point Arena, Mendocino Co., Constance 2520 (UC) ; Fort Bragg, Mendocino Co., East- 
wood 1601 (CA, US); 1 m. N. Salmon Creek, Sonoma Co., Keck & Clausen 3369 
(UC); Fort Ross, Sonoma Co., J. T. Howell 5388 (CA, US); 1852, Andersson (B 
type of E. Harmsianum, NY photo); Point Pinos, Monterey Co., Heller 6842 (UC. 
US); Santa Cruz, Jones 2288 (NY); wet spots on mesa 7 mi. from Lompoc on Cat- 
mailia Rd., Santa Barbara Co. Hoffmann 735 (CA); Petaluma, Sonoma Co., Elmer 
4776 (CA, UC); Alviso, Santa Clara Co., Baker 1827 (NY); San Simeon, San Luis 
Obispo Co., Curran (UC, US fragment of type of E. longistylum). 

Eryngium “matum shows numerous variants, some of which probably 
represent geogyaphical races. The size of the head varies from 5 to 15 mm. 
and E. Harmsianum was based on a large-headed form. In most plants the 
styles are shorter than the sepals, the heads glabrous, and the bracts entire. 
However, a group of specimens collected from San Mateo to Santa Barbara 
counties, and typified by Jones 2288 (NY), Eastwood @ Howell 5790 (CA), 
and Hoffmann 735 (CA), has puberulent heads. Eryngium longistylum was 
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based on a collection by K. Curran (US, UC) at San Simeon, San Luis 
Obispo County with puberulent heads and styles longer than the sepals. 
Another probable race occurring from Mendocino to Marin County, typified 
by Elmer 4776 (CA, UC), Howell & Stacey 12673 (CA), and Howell 
5339 (CA), has styles longer than the sepals. While a fourth variant collected 
in Santa Clara County (Baker 1827 (NY)) has bracts with 1 or 2 lateral 
spines. The authors feel that these variations should be noted and have 
emended the specific description to include them. 


59. ERYNGIUM PINNATISECTUM Jepson, Madrofio 1:105. 1923. 
Type Specimen.—Jepson 7690, “Duffield Cafion, Soulsbyville, Calif.” 
Distribution —Western foothills of the central Sierra Nevada, California. 


Typical Specimens——Salt Springs Valley Reservoir, Hoover 2436 (Hoover, UC) ; 
Copperopolis, Tracy 5597 (UC); Pine Grove, Amador Co., Hansen 39/ (UC, US); 
Standard City, Tuolumne Co., Hoover 2460 (CA, Hoover, UC). 


60. ERYNGIUM PETIOLATUM Hook. Fl. Bor. Amer. 1:259. 1834. 

E. petiolatum var. juncifolium Gray, Proc. Amer. Acad. 8:385. 1872. 

Type Specimen.—Douglas, “moist soil on the plains of the Multnomah 
River,” (Willamette River) , Oregon. 

Distribution—Western Oregon and contiguous Washington; dried swales. 

Typical Specimens—WasHINGTON: Falcon Valley, Klickitat Co., 1882, Suksdorf 
(NY, UC). Orecon: Eugene, Lane Co., Constance 962 (UC); Waldo, Josephine 
Co., Eastwood 2/20 (CA, US), Eastwood & Howell 1423 (CA); Salem, Hall 200 


(US type coli. of E. petiolatum var. juncifolium) ; stony dried swales of Illinois River, 
Jackson Co., Cusick 2907a (US). 


61. ErYNGIUM ALISMAEFOLIUM Greene, Erythea 3:64. 1895. 
E. petiolatum var. minimum Coult. & Rose, Rev. N. Amer. Umbel. 98. 1888. 


E. articulatum var. microcephalum Coult. & Rose, op. cit. p. 99. 


E. minimum Coult. & Rose, Contr. U. S. Nat. Herb. 7:54. 1900. 

Type Specimen.—Baker @ Nutting, Egg Lake, Modoc County, California. 

Distribution.—Southeastern Oregon, northern Nevada and northeastern 
California. 

Typical Specimens—ORrEGON: road to Silver Lake, Lake Co., 1590 m., Leiberg 
753 (UC, US); Silver Creek Valley, Harney Co., Cusick 2784 (UC, US). Ca.iror- 
NIA: Egg Lake, Modoc Co., Baker (UC); Prattville, Plumas Co., 4500 ft., J. T. 
Howell 2/65 (CA); Patterson Flats, Plumes Co., J. T. Howell 12542 (CA); Donner 
Lake, Nevada Co., Sonne (UC, US type coll. of E. petiolatum var. minimum), Heller 
7061 (UC, US); Lassen Buttes, Plumas Co., 6000 ft., Brown 6/2 (US); Plumas Co., 
Austin (US fragment of type of E. articulatum var. microcephalum). 

Eryngium minimum Coulter and Rose is apparently only a reduced form 
of E. alismaefolium. Howell 12542 (CA) shows intergrading forms in both 
foliage and habit. Since the only differences are vegetative and undoubtedly 
due to habitat factors E. minimum has been reduced to synonymy under E. 
alismaefolium. 


62. ERYNGIUM RACEMOSUM Jepson, FI. Calif. 2:659. 1936. 
Type Specimen.—Jepson 10287, San Joaquin City, California. 
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Distribution —San Joaquin Delta, central California. 


Specimens Examined.—Ca.irornia: San Joaquin Co.: near Holden, Sanford 
(UC); Lathrop, 1892, Michener & Bioletti (NY, UC); San Joaquin Bridge, 1901, 
Brandegee (UC); 5 miles southwest of Ripon, Hoover 706 (Hoover). 


62. ERYNGIUM RACEMOSUM Jepson, FI. Calif. 2:659. 1936. 


. elongatum Coult. & Rose, Contr. U. S. Nat. Herb. 7:53. 1900. Not Pohl. 1879. 
. Jepsoni Coult. & Rose, op. cit. p. 54. 
:. oblanceolatum Coult. & Rose, op. cit. p. 56. 
. californicum Jepson, Fl. W. Mid. Calif. 343. 1901. 
Vaseyi var. oblanceclatum Jepson, Madrofo 1:107. 1923. 
. laxibracteum Mathias, Brittonia 2:245. 1936. 


Type Specimen.—Jepson 14281, in the dry bed of a winter lake, moun- 
tains south of Uncle Sam Mountain, Lake County, California. 

Distribution —Coast Ranges of northern California; vernal pools and salt 
marshes. 

Typical Specimens—Ca.irornia: dry bed of winter lake near Uncle Sam Mt.. 
Lake Co., Jepson (NY type coll.) ; Willits-Laytonville, Mendocino Co., Abrams 58/4 
(NY); Vallejo-Benicia, Solano Co., Abrams 5747 (NY); salt marshes, Palo Alto, 
Santa Clara Co., Abrams 2232 (NY); Alton, Humboldt Co., Tracy 3777, 4001 (NY, 
UC), 16/25 (UC); near San Francisco, 1875, Vasey (US type of E. elongatum) ; 
Sonoma Valley, 1865, Torrey 159 (US type of E. Vaseyi var. oblanceolatum); near 
Orinda Park, Contra Costa Co., Jepson (US type of E. Jepsoni); Hollister-Gilroy, 
San Benito Co., J. T. Howell 115/3 (CA). 

This extremely variable species, in which the variations are not concomi- 
tant, may have branches strictly erect to decumbent or prostrate; the leaf blades 
are oblanceolate to ovate-lanceolate, acuminate, finely serrate to somewhat 
incised or lobed (especially in submerged leaves), tapering gradually or abrupt- 
ly into an elongated entire or spinulose petiole; the heads are numerous, 5-12 
mm. in diameter, with those at the tips of the branches often much smaller 
than those below; the bracts are 0.5-2.5 cm. long, varying on the same plant 
with the size of the heads, and equalling to exceeding the heads; both the bracts 
and bractlets are more or less spinose, rarely spineless, and scarious-winged at 
the base; the bractlets are strongly and broadly scarious-winged at the base 
and closely enfold the fruit, the wing usually ending in two free, acute, entire 
or toothed tips upward, the sinuses ofter. spinose; the styles usually exceed the 
sepals. 

Eryngium aristulatum was based on what is apparently a prostrate growth 
form with short bracts of the more wide-spread plant known variously as E. 
oblanceolatum and E. Jepsoni. Tracy 2375 (UC) and several other collec- 
tions from Lake and Sonoma counties match the type collection of E. aristu- 
latum except that the plants are erect. 


Eryngium oblanceolatum was based on a Torrey collection from Sonoma 
County and was distinguished from E. aristulatum by being erect and tall with 
bracts 18-20 mm. long. 

Both the above species were separated from E. elongatum and E. Jepsoni 
because the bractlets were longer than the flowers. However, that character 
varies even in the same head and markedly on individual plants depending on 


q 


386 THE AMERICAN MIDLAND NATURALIST 


the position of the head on the plant — the terminal heads usually being 
smaller and with short bracts and bractlets. 


63a. Eryngium aristulatum Jepson var. Parishii (Coult. & Rose) 
comb. nov. 


E. Parishii Coult. & Rose, Contr. U. S. Nat. Herb. 7:57. 1900. 
E. Jepsoni var. Parishii Jepson, Madrofio 1:107. 1923. 
Type Specimen.—Parish 4436, Oceanside, San Diego Co., California. 
Distribution —San Diego County, California to northern Baja California. 
Typical Specimens—Ca.irorNiA: Oceanside, San Diego Co., Parish 4436 (US 
Type); San Diego, Brandegee (C. F. Baker 1628) (CA, UC, US), GC. B. Grant 
1893 (UC), Chandler 5357 (UC), 5344 (NY, UC); Mountain Springs Grade, Orcutt 
220 (UC). Baya Cauirornia: Lemmon 53 (UC); Playa S. of San Vincente, W. S. 
Cooper 78 (S). 


64. ErYNGIUM VASEYI Coult. & Rose, Bot. Gaz. 13:142. 1888. 


Type Specimen.—Vasey 222, San Antonio River, Monterey County, 
California. (US Type). 

Distribution Upper Salinas and San Joaquin Valleys, California; vernal 
pools. 

Typical Specimens——Ca.irorNiA: Salt Springs Valley Reservoir, Calaveras Co., 
Hoover 2437 (Hoover, UC); Los Banos, Merced Co., Mathias 1385 (UC); E. base 
of Pacheco Pass, Merced Co., Abrams 5290 (NY); San Antonio Mission, Monterey 
Co., Eastwood 4095 (CA). 

Eryngium Vaseyi Coulter and Rose has been one of the most confused of 
the California species. The first specimen cited and designated as the type was 
Vasey 222, San Antonio River (Monterey County). Also cited in the original 
publication! were specimens collected by Mrs. Austin at Chico (which is 
variety castrense) and Howell, Medford, Oregon (E. petiolatum and so cited 
by Coulter and Rose? in their 1900 monograph). The original description 
reads “leaves unequally spinulose serrate, attenuate below.” Otherwise the 
description fits specimens from the region of Jolon, Monterey County, prob- 
ably near the type locality. In the Revision? in 1888 the description is “leaves 
oblanceolate, unequally spinulose-serrate, attenuate below.” But Coulter and 
Rose included in this species a collection by the Wilkes Expedition from Oregon 
which in 19002 they correctly referred to E. petiolatum. In the 1900 Mono- 
gtaph? the leaf description was not changed and collections by Jepson from 
Vacaville and Elmira were cited which must be referred to E. aristulatum. 
Because of this confusion of material the interpretations of E. Vaseyi have 
been various. Coulter and Rose probably drew the leaf description from the 
specimens properly belonging to E. petiolatum and E. aristulatum. In material 
from the region of the type locality all the leaves — vernal and summer, basal 
and cauline — are pinnately divided. Typical E. Vaseyi is interpreted by the 
authors as having pinnately divided leaves with usually remote segments, 


"1 Bot. Gaz. 13:142. 1888. 
2 Contr. U. S. Nat. Herb. 7:53. 1900. 
3 Coult. & Rose, Rev. N. Am. Umbel. 97. 1888. 
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comparatively small heads, 5-10 mm. in diameter, bracts and bractlets elongated 
with lateral spines, and styles both shorter and longer than the sepals. 


64a. Eryngium Vaseyi var. castrense (Jepson) Hoover, comb. nov. 


. castrense Jepson, Madrofo 1:108. 1923. 
:. castrense var. vallicola Jepson, op. cit. p. 108. f. 3. 

. globosum var. medium Jepson, op. cit. p. 108. 

. spinosepalum var. medium Mathias, Brittonia 2:245. 1936. 


Type Specimen.—Jepson 6319, Chinese Camp, Tuolumne County, Cali- 
fornia. 

Distribution —Great Valley of California. 

Typical Specimens.—Ca.irorNia: 5 mi. N. of Redding, Shasta Co., Heller 13406 
(NY, US); Dry Creek, 5 mi. S. of Pentz, Butte Co., Heller 11/472 (CA, UC, US); 
Spenceville, Nevada Co., Eastwood 3423 (CA, US); Auburn, Placer Co., M. E. 
Jones 3602 (CA, US); vicinity of Ione, Amador Co., Braunton 10/4 (NY, UC, 
US); Escalon, San Joaquin Co., Jepson (US type coll. of E. castrense var. vallicola) ; 
Merced, Merced Co., Eastwood 4409 (CA, US); Madera, Madera Co., Hoover 674 
(Hoover, UC); Mt. Hamilton, N.E. of Isabel Creek, Santa Clara Co., Sharsmith & 
Carter 1256 (UC); Crystal Pond, Mt. Diablo, Contra Costa Co., Bowerman 926, 
3169-71 (UC). 

Eryngium Vaseyi vat. castrense differs from the species in being somewhat 
stouter with heads up to 15 mm. long. The bracts are densely beset with dorsal 
as well as lateral spines and usually greatly exceed the heads. The bractlets are 
also densely spiny usually with some dorsal spines and greatly exceed the fruit. 


The sepals are somewhat spinose. 


64b. Eryngium Vaseyi Coult. & Rose var. globosum (Jepson) 
Hoover, comb. nov. 
E. globosum Jepson, Madrono 1:108. 1923. 
E. spinosepalum Mathias, Brittonia 2:245. 1936. 

Type Specimen.—K. Brandegee, Exeter, Tulare County, California. 

Distribution —Interior of south-central California. 

Typical Specimens—Ca.iForNiA: Vernalis, San Joaquin Co., Hoover 2698 
(Hoover, UC); near Banta, San Joaquin Co., J. T. Howell 5325A (CA); 4 mi. W. 
of Newman, Stanislaus Co., Hoover 2/32 (Hoover, UC); near Orestimba Creek. 
Stanislaus Co., Hoover 727 (Hoover, UC); 9 mi. W. of Los Banos, Merced Co., 
Hoover 665 (Hoover, UC); Squaw Valley, Fresno Co., Hoover 2570 (Hoover, UC) ; 
Redstone Park, Tulare Co., G. B. Grant 2594 (UC). 

Eryngium Vaseyi var. globosum is somewhat stouter than the species with 
heads 8-18 mm. long; the bracts are pinnately spinose and often with some 
dorsal spines, and in most cases greatly exceed the heads; the bractlets are also 
pinnately spinose and often with a few dorsal spines; the sepals, or some of 
them, are pinnatifid with 3-8 spiny teeth. 
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Rhabdocoela of Wisconsin. |. 


Morphology and Taxonomy of Protoascus 


wisconsinensis, n. g., n. sp. 
Wayland J. Hayes, Jr. 


Thirty-one collections of Turbellaria were made in the vicinity of Madison, 
Wisconsin, during the autumn of 1939 and the spring of 1940. Twenty-three 
species of Rhabdoccoela and one species of Alleocoela were taken in greater or 
less abundance. All the species were studied as living material. In nearly all 
cases there were enough specimens so that fixed material could be saved for 
further study. Pending such study of all the species, it is possible to give only 
a generic classification of most of the specimens collected. However, since the 
animal herein described is the first of its sub-family reported from the Ameri- 
can hemisphere and is of further interest because of the course of evolution 
which it suggests within the sub-family, this paper will merely list the genera 
found associated with the new member of the Ascophorinae (Typhloplanidae), 
and a complete catalog of the species will be postponed until a later paper. 


The author is deeply grateful for the aid of Dr. L. E. Noland of the 
University of Wisconsin and of Dr. W. A. Kepner of the University of 
Virginia, both of whom have taken a constant and helpful interest in this 
study. The work was made possible by a Wisconsin Alumni Research Founda- 
tion Fellowship held by the author. 


The animals for study were taken from the type locality, a permanent 
ditch located south-east of Lake Wingra, Madison, Wisconsin. This shallow 
ditch, in which filamentous algae grow abundantly, is separated from the lake 
only by Arboretum Road but is not connected to the lake. The animals were 
taken in two autumn collections: the first on October 29, when the tempera- 
ture of the water was 8.0° C.; and the second on November 4, when the water 
temperature was 9.9° C. Subsequent collections, made while the water was 
frozen over and later when the temperature had temporarily risen to 4.5° C., 
yielded other Turbellaria but not the new genus. Again on March 9, 1940, 
when the ice had partially melted, the new animal was common (10 to 50 
specimens per gallon of collection). Later, freezing apparently eliminated the 
population from March 20 to March 31. On April 6, when the water temper- 
ature had risen to 11.2° C., a single specimen was found. In these spring 
collections only immature animals were found. In one or more collections 
at the type locality the following Turbellaria were taken: Catenula, Steno- 
stomum, Rhynchoscolex, Macrostomum, Microstomum, Provortex, Dalyellia, 
Krumbachia, Phaenocora, Opistomum, Gyratrix, and Prorhynchus. In the two 
autumn collections thirteen or fourteen specimens of the new animal were 
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taken. One specimen was mounted in toto, eight were sectioned serially, and 
the remainder were studied as living material. 


Sub-family AscopHorINAE Findenegg 
Protoascus, Nn. g. 


Genotype.—Protoascus wisconsinensis, new species. 


Generic Diagnosis.—Ascophorinae with the genital pore near the middle 
of the body; testes anterior to the vitellaria; without bursa copulatrix; with 
uterus; with ascus reduced. 


Protoascus wisconsinensis, nN. sp. 


Description—Body variable in shape, lanceolate or oblanceolate, usually 
with the sides of the body sub-parallel; cross-section almost circular or slightly 
flattened ventrally; body, excepting enteric inclusions, colorless or with a 
diffuse yellow color, special pigment spots or eyes lacking; total length .4 to 
1.5 mm. Epidermis of most of the body a pavement epithelium, the cells and 
nuclei of the dorsum (cells as little as 2.54 high) more flattened than those 
of the ventral surface; the cells of the anterior ventral tip forming a low. 
columnar epithelium as much as 23 high in which the nuclei are elongated 
along the main axis of the cell. Vesicular nuclei of all the epidermal cells 
occurring in the proximal, more basophilic, reticular portion of the cell and 
not in the well defined, strongly oxyphilic, homogeneous, striated, outer portion 
of the cytoplasm. Body lacking sensory hairs, but covered with an even coat 
of cilia about 134 long. Dermal rhabdites lacking; adenal rhabdites present 
in well developed rhammite tracts originating in glands located lateral and 
posterior to the brain and extending forward as two trunks that open by 
numerous pores over the anterior ventral tip. Paired cerebral ganglia joined by 
a broad commissure to form a brain of the type usual in the Typhloplanidae 
and located dorsal to the pharynx at its anterior margin or a little in front 
of this; the brain composed of an inner fibrous mass with the usual commis- 
sures and a cortex of ganglion cells with small granular nuclei. Eyes lacking. 
Mouth opening on the ventral side of the body at the end of the first body 
third. Pharynx pocket small; pharynx rosulatus typical, inclined slightly back- 
ward, opening into an histologically set off oesophagus. Oesophagus composed 
of a much foldéd, fibrous portion continuous with the pharynx and a portion 
transitional with the enteron which receives the ducts of numerous one-celled 
pharyngeal glands. Pharyngeal glands, with large vesicular nuclei and fibrillar 
cytoplasm, located lateral and ventral to the oesophagus. Enteron sac-like, 
extending from above the brain to the posterior end of the body and containing 
occasional strands of basophilic, filar, unvacuolated cytoplasm which lie between 
the distal ends of the usual vacuole-filled endodermal cells. Excretory system 
consisting of two lateral end stems opening by paired beakers located latero- 
ventrally on either side of the common genital pore. Each beaker composed of 
one ot two cells surrounded by a basal membrane continuous with the basal 
membrane of the body wall; the cells composed of an oxyphilic cytoplasm 
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Virginia, both of whom have taken a constant and helpful interest in this 
study. The work was made possible by a Wisconsin Alumni Research Founda- 
tion Fellowship held by the author. 


The animals for study were taken from the type locality, a permanent 
ditch located south-east of Lake Wingra, Madison, Wisconsin. This shallow 
ditch, in which filamentous algae grow abundantly, is separated from the lake 
only by Arboretum Road but is not connected to the lake. The animals were 
taken in two autumn collections: the first on October 29, when the tempera- 
ture of the water was 8.0° C.; and the second on November 4, when the water 
temperature was 9.9° C. Subsequent collections, made while the water was 
frozen over and later when the temperature had temporarily risen to 4.5° C., 
yielded other Turbellaria but not the new genus. Again on March 9, 1940, 
when the ice had partially melted, the new animal was common (10 to 50 
specimens per gallon of collection). Later, freezing apparently eliminated the 
population from March 20 to March 31. On April 6, when the water temper- 
ature had risen to 11.2° C., a single specimen was found. In these spring 
collections only immature animals were found. In one or more collections 
at the type locality the following Turbellaria were taken: Catenula, Steno- 
stomum, Rhynchoscolex, Macrostomum, Microstomum, Provortex, Dalyellia, 
Krumbachia, Phaenocora, Opistomum, Gyratrix, and Prorhynchus. In the two 
autumn collections thirteen or fourteen specimens of the new animal were 
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taken. One specimen was mounted in toto, eight were sectioned serially, and 
the remainder were studied as living material. 


Sub-family AscopHorRINAE Findenegg 


Protoascus, n. 2. 


Genotype.—Protoascus wisconsinensis, new species. 


Generic Diagnosis-—Ascophorinae with the genital pore near the middle 
of the body; testes anterior to the vitellaria; without bursa copulatrix; with 
uterus; with ascus reduced. 


Protoascus wisconsinensis, nN. sp. 


Description.—Body variable in shape, lanceolate or oblanceolate, usually 
with the sides of the body sub-parallel; cross-section almost circular or slightly 
flattened ventrally; body, excepting enteric inclusions, colorless or with a 
diffuse yellow color, special pigment spots or eyes lacking; total length .4 to 
1.5 mm. Epidermis of most of the body a pavement epithelium, the cells and 
nuclei of the dorsum (cells as little as 2.54 high) more flattened than those 
of the ventral surface; the cells of the anterior ventral tip forming a low, 
columnar epithelium as much as 23, high in which the nuclei are elongated 
along the main axis of the cell. Vesicular nuclei of all the epidermal cells 
occurring in the proximal, more basophilic, reticular portion of the cell and 
not in the well defined, strongly oxyphilic, homogeneous, striated, outer portion 
of the cytoplasm. Body lacking sensory hairs, but covered with an even coat 
of cilia about 13 long. Dermal rhabdites lacking; adenal rhabdites present 
in well developed rhammite tracts originating in glands located lateral and 
posterior to the brain and extending forward as two trunks that open by 
numerous pores over the anterior ventral tip. Paired cerebral ganglia joined by 
a broad commissure to form a brain of the type usual in the Typhloplanidae 
and located dorsal to the pharynx at its anterior margin or a little in front 
of this; the brain composed of an inner fibrous mass with the usual commis- 
sures and a cortex of ganglion cells with small granular nuclei. Eyes lacking. 
Mouth opening on the ventral side of the body at the end of the first body 
third. Pharynx pocket small; pharynx rosulatus typical, inclined slightly back- 
ward, opening into an histologically set off oesophagus. Oesophagus composed 
of a much folded, fibrous portion continuous with the pharynx and a portion 
transitional with the enteron which receives the ducts of numerous one-celled 
pharyngeal glands. Pharyngeal glands, with large vesicular nuclei and fibrillar 
cytoplasm, located lateral and ventral to the oesophagus. Enteron sac-like, 
extending from above the brain to the posterior end of the body and containing 
occasional strands of basophilic, filar, unvacuolated cytoplasm which lie between 
the distal ends of the usual vacuole-filled endodermal cells. Excretory system 
consisting of two lateral end stems opening by paired beakers located latero- 
ventrally on either side of the common genital pore. Each beaker composed of 
one or two cells surrounded by a basal membrane continuous with the basal 
membrane of the body wall; the cells composed of an oxyphilic cytoplasm 
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homogeneous except for a thin layer lining the lumen of the beaker; the 
nucleus vesicular with a single nucleolus and several prominent granules. Each 
end stem extending forward and then backward a short distance where it 
divides into an anterior and a posterior main stem, each of which follows a 
tortuous path almost to its respective end of the body and is then folded back 
on itself. Anterior end stem branching in front of the mouth into an anterior 
secondary stem and a dorsal secondary stem. All the main excretory channels 
except the end stem giving off many smaller branches. Male and female genital 
systems opening into a superior genital atrium, communicating by an inferior 
genital atrium and common gonopore with the ventral body surface at about 
half the length of the worm. Male genital system composed of testes, vasa 
deferentia, penis complex, and atrium copulatorium. Testes compact, oblanceo- 
late, lying dorsal and somewhat lateral to the pharynx, extending from about 
the posterior level of the brain to the posterior margin of the pharynx; the 
posterior tip of each testis either not extending as far posterior as the anterior 
end of the vitellarium of the same side, or overlapping slightly the tip of the 
vitellarium either dorsally or ventrally depending on the movements of the 
animal. Vasa deferentia arising from the posterior tips of the testes and pass- 
ing posteriorly and mesially to unite in entering the vesicula seminalis. Penis 
complex composed of vesicula seminalis, vesicula granulorum, and ductus 
ejaculatorius; the whole covered by a heavy, muscular tunic composed of an 
outer layer of longitudinal muscle, two oblique muscle layers, and an inner 
basement membrane associated with which no circular muscle fibers have been 
observed. Vesicula seminalis ventral and median to the vesicula granulorum in 
the penis bulb. Vesicula granulorum usually containing two layers of granular 
material in its distal portion; the first layer consisting of coarse granules that 
stain sometimes oxyphilically, sometimes basophilically, and show an internal, 
non-staining portion; the second layer composed of fine, always oxyphilic, 
homogeneous granules continuous with the granules in the ductus ejaculatorius. 
Ductus ejaculatorius a fixed, slightly flexible, S-shaped, cuticular tube opening 
through a narrow, muscular duct into the posterior dorsal portion of the 
atrium copulatorium; the ductus ejaculatorius surrounded within the penis- 
tunic by a loose “epithelioplasm” or, in younger individuals, by cells which 
secrete the cuticle of the ductus and later degenerate to form the “epithelio- 
plasm.” Atrium copulatorium with muscular walls defining a spacious lumen 
lying dorsal to the superior genital atrium; the opening between the two 
guarded by a sphincter. Sperm long and thread-like. Female genital system 
composed of paired vitellaria and their ducts, a single ovary, oviduct, ductus 
communis with its accessory glands, receptaculum seminis, and female genital 
canal joining all the organs to the superior genital atrium from which a uterus 
arises separately. Ovary compact, lying to the right of the ductus ejaculatorius 
and usually posterior to the penis bulb; ovary opening terminally or sub- 
terminally on its posterior surface into the oviduct; the oviduct receiving at 
the same time the common vitello-duct. Vitellaria extensive, composed of large, 
irregular follicles extending from near the posterior margin of the pharynx to 
near the posterior end of the body and lying ventral and lateral to the enteron. 
Vitello-ducts arising from the median surface of the vitellaria at about the 
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level of the gonopore and passing mesially to form a short common vitello- 
duct. Oviduct (ductus communis) receiving, after the entrance of the common 

olk duct, the ducts of many one-celled, accessory glands whose bodies lie in 
an ill defined mass ventral and posterior to the ductus communis. Receptacu- 
lum seminis roughly spherical in shape; the wall thick laterally and ventrally. 
thinner mesially and dorsally, at all points composed of cells arranged in a 
laminate order and characterized by a somewhat fibrillar cytoplasm; receptacu- 
lum seminis able to store some sperm in its relaxed state or by a great disten- 
sion of its already thin medio-dorsal wall to store a great mass of sperm; the 
receptaculum seminis entered by two pores, one, the porus spermaticus, receiv- 
ing sperm by way of the female genital canal during copulation, the other, 
porus proprius, admitting sperm to the oviduct for fertilization of the ova.! 
Female genital canal, a continuation of the ductus communis beyond the 
porus spermaticus, entering the posterior dorsal surface of the superior genital 
atrium from above; the walls of the canal fibrous and covered by a thin mus- 
cular sheath; opening to the atrium guarded by a sphincter. Uterus a diverticu- 
lum of the anterior ventral surface of the superior genital atrium; the walls 
composed of characteristically laminated cells provided with disc-shaped nuclei; 
the entire uterus showing a variable tendency to the paired condition in differ- 
ent animals, sometimes entirely single, never observed to have equal lobes. 
Eggs almost spherical, about 190 x 200; brown in color. Superior genital 
atrium opening ventrally into the inferior genital atrium; the latter, in passing 
ventrally, with its diameter first expanded then contracted so that the organ 
opens by a narrow stem through the common genital pore to the exterior. Stem 
of the genital atrium guarded by two fairly well defined sphincters outside of 
which is a tunic of longitudinal muscle continuous ventrally with the longitud- 
inal muscles of the body wall and dorsally with a similar tunic of the superior 
genital atrium and adjacent male and female tracts. With a crescent of one- 
celled glands lying ventral to the uterus and extending dorsally and posteriorly 
on each side of the stem of the inferior genital atrium; the glands characterized 
by highly granular, with hematoxylin deeply basophilic, with gentian violet less 
basophilic cytoplasm and small vesicular nuclei; the ducts opening singly 
between the cells of the epidermis just anterior to the common genital pore. 
Chromosome number, n-3, 2n-6. Chromosomes as fixed in Allen’s B-15 fixa- 
tive, with one large pair (a, a’) measuring about 7.5 at mitotic metaphase 
and 4.84 at diakinesis, a second pair (b, b’) only slightly smaller, and a third 
pair (c, c’) in diakinesis only one third the length of the long chromosomes. 
Centromeres in the first and second pairs sub-median, in the third pair sub- 
terminal. 


Cotypes.2—U.S. National Museum numbers 20571 and 20572 and the 
slides of the series 412 in the author’s collection. 


Discussion—The discussion is divided into four parts: first, a history and 
diagnosis of the sub-family and the previously described genera; second, 
remarks on the anatomy of these genera as described in the literature; third, 


1 That the pores exist is an observed fact, but in the interpretation of their function 
the author follows the opinion of past writers. 
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remarks on certain interesting features presented by Protoascus wisconsinensis; 
and fourth, a critique of certain taxonomic changes proposed by Gieysztor 


and Corde. 
Sub-family AscopHORINAE Findenegg 1924 


1924 Tribe Ascophorini Findenegg, p. 20. 

1930 Tribe Ascophorini (Findenegg). Findenegg, p. 85. 

1933 Sub-family Ascophorinae (Findenegg). Bresslau, p. 273. 

1938 Tribe Ascophorini (Findenegg)=tribe Olisthanellini (Luther). Gieysztor, p. 375. 


Revised Diagnosis—Typhloplanidae with the testes dorsal or anterior to 
the lobed vitellaria; with two excretory stems opening by separate pores; with 
a typical rosulate pharynx; without a cirrus, usually with the ductus ejaculator- 
ius cuticularized; without a ductus genito-intestinalis; with a tube-like muscular 
gland organ (ascus) opening near the genital pore, or at least with special 
glands opening in a similar position. 


Genus DocHMIOTREMA Hofsten 1907 


1907 Dochmiotrema limicola Hofsten, p. 410 pl. 22 f. 7-12. 

1908 Dochmiotrema limicola (Hofsten). Graff, p. 2534. 

1909 Dochmiotrema limicola (Hofsten). Graff, p. 101. 

1912 Dochmiotrema limicola (Hofsten). Hofsten, p. 551, 557, 559, 583, 584, 631. 

1912 Dochmiotrema limicola (Hofsten) Sekera, p. 22, 46. 

1913 Dochmiotrema limicola (Hofsten). Graff, p. 212. 

1917 Olisthanella valaamica Nasonova, p. 1241. 

1923 Typhloplanella limicola (Hofsten) =Dochmiotrema limicola (Hofsten) —=Olisthan- 
ella valaamica (Nasonova). Cordé, p. 45, 46 f. 3, 4, 5. 

1924 Olisthanella limicola (Hofsten)—=Olisthanella valaamica (Nasonova). Nasonova, 
p. 334. 

1924 Dochmiotrema limicola (Hofsten). Findenegg, p. 21. 

1930 Dochmiotrema limicola (Hofsten). Findenegg, p. 87, 102-105. 

1933 Dochmiotrema limicola (Hofsten). Bresslau p. 273. 

1938 Dochmiotrema limicola (Hofsten). Gieysztor, p.366-376 f. 1-2. 

1939 Dochmiotrema limicola (Hofsten). Gieysztor, p. 6, 7, 53. 


Diagnosis—Ascophorinae with the genital pore in the last body third; 
testes dorsal to the vitellaria; without bursa copulatrix; with uterus; with devel- 
eped ascus. The genus contains the single species, D. limicola. 


Genus AscopHora Findenegg 1924 


The two species are listed separately. 

1924 Ascophora elegantissima Findenegg, p. 21, 22. 

1926 Ascophora elegantissima (Findenegg). Steinbock, p. 429, 430, 432, 438, 439, 441, 
444. 

1930 Ascophora elegantissima (Findenegg), Findenegg, p. 86-96, 98, 99, 102 tf. 3: 
pl. 4 f. 2, 7. 

2 It is the opinion of the author that the proper description of a rhabdocoele requires 
the observation of both fixed and living material. The two methods supplement one 
another and are equally important. Since an animal can seldom be satisfactorily fixed 
after it has been studied for a time under oil immersion, it follows that there can be no 
single type specimen preserved. Therefore, the fixed and stained animals used in the 
original study constitute cotypes and should be so designated. 
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1933 Ascophora (Findenegg). (genus only), Bresslau, p. 128, 273. 

1938 Dochmiotrema elegantissima (Findenegz). Gieysztor, p. 371, 375. 

1924 Ascophora paradoxa Findenegg, p. 23-25. 

1926 Ascophora paradoxa (Findenegg). Steinbock, p. 434, 445. 

1930 Ascophora paradoxa (Findenegg). Findenegg, p. 92-103 pl. 4 f. 3. 8, 9, 12, 13: 
ol. 5 1-9. 

1933 F wer ates (Findenegg). (genus only), Bresslau, p. 128, 273. 

1938 Dochmiotrema paradoxa (Findenegg). Gieysztor, p. 317, 372, 374, 375. 


Diagnosis.—Ascophorinae with the genital pore near the middle of the 
body; testes anterior to the vitellaria; with bursa copulatrix; without uterus; 
ascus developed. The genus contains two known species, A. elegantissima and 
A. paradoxa. 


The history and taxonomy of the sub-family Ascophorinae is largely 
concerned with the anatomy of the ascus, an organ which at least under this 
name is peculiar to the group. Hofsten (1907, p. 413, 414) in his original 
description of Dochmiotrema recorded a single, asymmetrically located excre- 
tery pore. Hofsten remarked on the peculiarity of such a structure but failed 
to carry his research to the point of demonstrating a connection between the 
supposed excretory beaker and the protonephridia. Hofsten not only described 
the unusual organ but gave two figures of it in one of which (Hofsten 1907, 
pl. 22 f. 8) it appears with the protonephridia. In this figure the structure 
labeled “protonephridial main-stem” is shown to have heavy walls and there- 
fore probably represents the terminal beaker into which the protonephridial 
main-stem of that side empties. This supposition is especially likely since the 
external opening of an excretory beaker is often difficult to see in sectioned 
material. It seems probable that Hofsten had, in the figure in question, indi- 
cated the locus of opening of the paired excretory pores as well as the organ 
which he considered the excretory beaker. We may, therefore, the more easily 
accept the interpretation grounded on different arguments offered for the 
“asymmetrical excretory pore” by Findenegg in 1924 and later in 1930. Sekera 
had, in fact, already (Sekera 1912, p. 22-23, 46) determined, after examining 
the original sections, that the organ Hofsten had considered of excretory 
function could not have such a function. Sekera thought that the organ was 
related in some way to the female genital tract, though he was not sure just 
how. Sekera (1912, p. 23, footnote) states that Vejdovsky’, Mrazek, and 
Stole had also looked at the sections and concurred in his view. Although 
Findenegg does not seem to have seen the original sections of Dochmiotrema. 
he held that the disputed organ of the genus was, in fact, the ascus and entirely 
similar to the structure found in the genus Ascophora. Typically the ascus is 
a thick walled, muscular sac opening distally near the genital pore, usually 
on the right side, and opening proximally into the meshwork of the mesen- 
chyme. In A. elegantissima the structure reaches a lengch of 60, and in A. 
paradoxa a length of 200u! When well developed, the tube is lined by cyto- 
plasm which apparently lacks nuclei. The walls are rendered contractile by 
two inner layers of oblique muscle and an outer layer of longitudinal muscle. 
Each end of the tube is histologically set off by special cells or nuclei. Finde- 
negg speaks of the secretion of special, erythrophilic glands lying near the 
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proximal end of the ascus in the mesenchyme, being “sucked up” (aufgesaugt) 
by the proximal end of the ascus. Findenegg found that this secretion was 
expelled from time to time from the ascus by the peristalsis of its walls. He 
pointed out that the secretion could not serve in copulation,*® for the ascus is 
not fully developed when the male system is ripe. Findenegg forms the hypoth- 
esis that the ascus secretion may be used for fastening down the eggs, this 
however, without having seen the eggs. He pointed out that the animals 
which he was studying lived in flowing water and might, therefore, need the 
eggs glued down in order to survive. 


Of interest also in the sub-family is the morphology of the receptaculum 
seminis of some of the species. The particular sort of receptaculum which we 
wish to discuss is possessed by Protoascus wisconsinensis and the important 
features are shown diagrammatically in Fig. 7 while the histology is represented 
in Fig. 9. Hofsten in his study of Dochmiotrema limicola failed to find the 
channel which in this paper is called the ductus communis, and this failure led 
him to make a number of hypotheses of doubtful value regarding the recep- 
taculum. It is likely that the ductus communis in Hofsten’s specimens was 
collapsed and the channel not evident. He himself calls attention to this possi- 
bility (Hofsten 1907, p. 418) and indicates it further by figures (ibid. pl. 22 
f. 10, 11). Findenegg (1924, p. 24 and 1930, p. 98-99 pl. 4 f. 12,4 13; pl. 5 
f. 3) describes the receptaculum seminis of Ascophora paradoxa as similar in 
all respects to that here shown for Protoascus wisconsinensis. In Ascophora 
elegantissima the receptaculum seminis is described as having only a single 
pote opening to the ductus communis (Findenegg 1924, p. 22-23 and 1930, 
p- 90 tf. 3 pl. 4 f. 7). 


It is interesting to see what a wide range of morphology is found in the 
receptaculum seminis in this sub-family. The receptaculum seminis shows three 
important tendencies: first, a tendency for the thickening of the walls and, 
especially, for the walls to have a laminated structure as in Dochmiotrema 
limicola, Ascophora paradoxa, and Protoascus wisconsinensis; second, a ten- 
dency for the formation of a second enlargement (Nebenblase) as in Asco- 
phora elegantissima and Protoascus wisconsinensis; and third, a tendency for 
the possession of two pores as in Ascophora paradoxa, Protoascus wisconsin- 
ensis, and probably Dochmiotrema limicola. 


Protoascus is easily distinguished from Dochmiotrema by having the testes 
anterior rather than dorsal to the vitellaria and from Ascophora by having a 
uterus and lacking a bursa copulatrix. Protoascus differs from both previously 


described genera by lacking a well developed ascus. 


It will be noted that the anterior position of the testes with respect to the 
vitellaria, the morphology of the excretory system, and the lack of a ductus 
genito-intestinalis force one to place the new genus, Protoascus, which obvious- 


3 One must suppose that Findenegg referred to the organ’s having a male function 
in copulation. 


4 Only one pore is shown in this small figure which is according to the author some- 
what diagrammatic. 
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ly belongs to the family Typhloplanidae, either in the sub-family Olisthanel- 
linae or in the sub-family Ascophorinae. These two sub-families have previous- 
ly been separated on the basis of the lobulation of the yolk glands and, espe- 
cially, on the presence or absence of an ascus. However, a consideration of the 
two groups will show that the laminate structure and general morphology of 
the receptaculum seminis found in the Ascophorinae is — especially when two 
pores are present — very peculiar to this group. The possession of the peculiar 
characters of the receptaculum seminis is alone sufficient to justify placing 
Protoascus in the Ascophorinae. Arguing to the same end are the general 
appearance of the body and many details of histology too small to mention. 
Finally, Protoascus must be placed in the Ascophorinae because it possesses 
special glands opening through the epithelium near the gonopore and repre- 
senting in all probability, the ascus glands of other forms. Dr. Kepner, who 
has graciously examined the eight serial sections, agrees with this view. Dr 
Kepner has suggested the diagram (Fig. 14) illustrating the development of 
the ascus by the shifting of the glands often associated with the genital atrium 
to the epithelium near the genital pore and by the subsequent invagination of 
this glandular epithelium. Protoascus wisconsinensis thus forms a connecting 
link between those forms with a well developed ascus and those forms without 
an ascus. If this hypothesis be true, then the facts on which it is based lend 
support to the explanation of Bresslau (1933, p. 131, 133) for structures 
described in several taxonomically widely separate Turbellaria. These structures 
have been variously called muscular gland organs, epithelial diverticula, etc., 
and have often, though without proof, been supposed to have a sensory func- 
tion. Bresslau records that the glands involved have sometimes been reported 
as red-staining, sometimes as blue-staining. 


One peculiar feature of Protoascus wisconsinensis remains to be mentioned. 
In two of the eight serial sections, there is a bulb-like expansion of the ductus 
communis at the end most distant from the genital atrium. The bulb-like 
organ contains either basophilic granular material or bodies which appear like 
free nuclei. Correlated with the presence of this bulb, the receptaculum seminis 
is small, lacks a secondary extension, and contains no observed sperm; the 
entrance of the ovary into the female genital tract is difficult of demonstration; 
the atrium copulatorium contains nuclei-like bodies; the animals themselves 
are below average size; and in one slide there is a mitosis visible in the ovary. 
The opposite of these conditions is true of the six serial sections: the recep- 
taculum seminis is large, possesses a greater or lesser secondary extension, and 
contains an abundance of sperm; the connection of the ovary to the female 
genital tract is easily demonstrated; the atrium copulatorium contains an evenly 
staining coagulum presumably derived from the disintegration of the nuclei- 
like bodies; the animals are of average size; and all the cells of the ovary are 
in the resting condition. These facts suggest that the two animals which show 
the bulbar expansion of the ductus communis are immature and that the bulbar 
structure is an adolescent configuration of unknown function. In one of the 
serial sections the bulbar structure has come in contact dorsally with a bit of 
basophilic filar cytoplasm of the enteron. The juxtaposition of the two struc- 
tures gives the appearance of a ductus genito-intestinalis. However, careful 
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examination fails to reveal any true connection at the point of contact between 
the bulbar organ and the basophilic cytoplasm of the enteron. In the other 
animal, which has a bulbar organ, there is no basophilic cytoplasm in the 
region of the bulb although bits of this cytoplasm are scattered near the lumen 
in other parts of the enteron. Because of this and because the other six sections 
fail to show any bulbar organ, one must conclude that the apparent presence 
of a ductus genito-intestinalis in one slide is illusory. 


Gieysztor (1938), on the basis of animals taken from Wigry-See, con- 
cluded that the genus Ascophora should be considered synonymous with 
Dochmiotrema and that this single genus, Dochmiotrema, should be placed in 
the tribe (sic) Olisthinellini. Such a transfer would, of course, completely 
eliminate the sub-family Ascophorinae which Findenegg proposed in 1924 as 
a tribe. The changes which Gieysztor proposed seem ill advised for the follow- 
ing reasons. 


Gieysztor proposed his changes after study of animals which in his opinion 
belonged to Dochmiotrema limicola. These animals were described, however, 
as differing from Hofsten’s original description in possessing a bursa copula- 
trix and in possessing a sphincter closing off a large extension of the receptacu- 
lum seminalis. They differed further in lacking a uterus arising from the 
anterior ventral part of the atrium and in lacking a sphincter closing off the 
male copulatory organ from the genital atrium. It is inconceivable that Hofsten 
failed to observe the bursa and the large (102 x 82, according to Gieysztor) 
sphincter-defined expansion of the receptaculum seminis; and that Sekera, 
Vejdovsky’, Mrazek, and Stolc, who examined Hofsten’s original preparations, 
fell into the same error; and finally that Nasonova and Bresslau each in his 
cwn material overlooked these organs. It is equally inconceivable that all these 
workers should find the same uterus and male copulatory structures or fail to 
report their absence, unless the structures were present. These considerations 
suggest that Gieysztor was dealing with an animal not Dochmiotrema limicola 
but previously undescribed. If, in fact, we accept Gieysztor’s own interpretation 
of his material; he was dealing with a truly unusual animal, for he stated that 
the sperm-filled organ with laminated walls corresponding to the receptaculum 
seminalis of other forms might, in reality, be considered a part of the female 
genital atrium, (superior genital atrium) receiving all the female organs. These 
organs rise separately and include the ovary, vitello-duct, bursa copulatrix, and 
“Nebenblase” which is said to serve as a uterus. Since this organ serves as a 
uterus, it is a uterus. We are thus presented with an animal in which the 
oviduct and vitello-duct open separately into the superior genital atrium which 
also receives all the other female organs including the uterus while only the 
male copulatory organ arises from the inferior genital atrium. If the “superior 
genital atrium” be considered a receptaculum seminis —as its sperm-filled 
condition might suggest that it is—the situation is still strange. Such an 
animal is so unusual that a new sub-family could be created for it. The ques- 
tion might be left there were it not that the animal possesses an ascus. Of 
this organ Giesyztor observed the middle portion, but failed to clearly observe 
either end. He offered a guess as to its possible opening, but failed to consider 
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it either one way or the other in his revision of the taxonomy. Since the ascus 
has been recognized as a primary character in the classification of the Asco- 
horinae, it seems unjustifiable to neglect it when changing the taxonomy. 
Finally, Giesyztor in an effort to uphold his views, reinterprets Findenegg’s 
description of the receptaculum seminis and related structures of Ascophora 
paradoxa to conform to the animals from Wigry-See. When one considers the 
description and sketches of Giesyztor, it seems better to interpret the animals 
from Wigry-See in terms of Findenegg’s clear and detailed description and 
lucid illustrations. 


The work of Cordé (1923 p. 45, 46) on a worm from Pereiaslav Lake, 
Russia, must also be considered. Cordé described her specimens as having paired 
exctetory pores and as having the testes dorsal to the vitellaria. She considered 
them as representatives of Hofsten’s species, Dochmiotrema limicola, but con- 
sidered the genus Dochmiotrema Hofsten 1907 synonymous with Typhloplan- 
ella Sekera 1912. Even if a synonymy existed, Cordé should have retained the 
older genus. The mistake is much more serious, for Cordé failed to observe that 
the genus Typhloplanella differs fundamentally — even to the extent of being 
in a different sub-family — not only from Hofsten’s original description of 
Dochmiotrema but also from her description of her own specimens. We must 
agree with Gieysztor that Cordé’s specimens definitely do not belong to the 
genus Typhloplanella but that is not all. Cordé’s specimens differ from the 
original Dochmiotrema in the anatomy of the receptaculum seminis and in the 
point of entrance of the vitello-duct into the female tract. Since Corde’s descrip- 
tion is poor and incomplete, the proper taxonomy of her specimens must 
temain in question. 


There can be no doubt that the groups Olisthanellinae and Ascophorinae 
are, as Gieysztor urges, closely related. Findenegg who first pointed out the 
distinction between the two recognized this fact as did also Bresslau. Further 
ptoof is offered by Protoascus wisconsinensis which lacks a well developed 
ascus. The fact of close relationship does not, however, negate the fact of 
essential difference. The truth that many of the features most strikingly char- 
acteristic of the Ascophorinae as a group remain unexplained as to function 
and method of phylogenetic origin is an invitation to further careful study 
and not a reason to eliminate the sub-family Ascophorinae from its useful and 
descriptive position in the taxonomy of the Typhloplanidae. 
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ABBREVIATIONS USED 


ac—atrium copulatorium 
aco—opening of atrium copulatorium 
ag—accessory glands 

ams—anterior main stem 

as—ascus 

asg—ascus glands 

ass—anterior secondary stem 
ate—atrium glands 

bep—basophilic portion of epidermis 
bm—basement membrane 

bo—bulbar organ 

c—cilia 


m—mouth 

m-m—midline 

n—nucleus 

oep—oxyphilic portion of epidermis 

om—oblique muscles 

ov—ovary 

ovc—cells at base of ovary forming tran- 
sition to oviduct 

ovd—oviduct 

p—penis 

ph—pharynx 

pms—posterior main stem 

pp—Pporus proprius 


cga—common genital atrium 
cgp—common genital pore 

ct—basophilic filar cytoplasm of enteron 
dc—ductus communis 

de—ductus ejaculatorius 

dss—dorsal secondary stem 

en—enteron rs 


prp—protonephridial pore 
ps—porus spermaticus 
rh—rhammite 
rhg—rhammite gland 
rht—rhammite tract 
receptaculum seminis 


enl—lumen of enteron rsl—thick lateral wall of receptaculum 
ep—epidermis seminis 
epi—epithelioplasm rsm—thin median wall of receptaculum 
epn—epithelioplasm nucleus seminis 


es—end stem s—sphincter 


foc—female genital canal sg—small granules 
g—ganglion of brain sga—superior genital atrium 
gem—ganglion cell mass sp—sperm 

gcn—ganglion cell nuclei te—testis 

gg—granule glands ut—uterus 


vd—vas deferens 
vg—vesicula granulorum 
vit—vitellaria 
vs—vesicula seminalis 
yd—yolk duct 


yg—yolk granule 


gl—special glands of reduced ascus 
gld—gland ducts 

iga—inferior genital atrium 
Ig—large granules 

Im—longitudinal muscle 

In—lining of protonephridial beaker 


Figs. 1-7—Protoascus wisconsinensis: Fig. 1. Ventral view of the gross anatomy; 
Fig. 2, protonephridial system seen from the right hand side; Fig. 3, protonephridial 
beaker and epithelium of the latero-ventral surface (slide 412-6, 760); Fig. 4, 
epithelium of the ventral side of the anterior tip (slide 412-6, 760); Fig. 5, cross- 
section of the anterior end and detail of the cerebral ganglion and adjacent structures 
(slide 412-7, detail 340); Fig. 6, side view of a reconstruction of the genital organs 
some of which have been sagittally sectioned to show their structure; Fig. 7, dorsal view 
of the same reconstruction cut away along the line Z-Z of the preceding figure. 


Figs. 8-14.—Protoascus wisconsinensis Fig. 8, sagittal section through the genital 
organs (slide 412-1, x680); Fig. 9, sagittal section of the receptaculum seminis show- 
ing porus proprius (slide 412-3, x760); Fig. 10, cross-section showing the origin of 
the bulbar organ from the ductus communis (slide 412-4, x760); Fig. 11, cross-section 
showing the bulbar organ in contact with basophilic cytoplasm of the enteron giving the 
false appearance of a ductus genito-intestinalis (slide 412-4, x760); Fig. 12, mitotic 
metaphase from the ovary (slide 412-4, x2110); Fig. 13, meiosis from the testis (slide 
412-4, 2110); Fig. 14, diagram showing the possible origin of the ascus: Acondition 
found in many rhabdocoeles from Microstomum up, B=condition found in Protoascus 
bisconsinensis, C—hypothetical stage, D=condition found in Ascophora. 
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Life History of Spirorchis elephantis (Cort, 1917), 
a New Blood Fluke from Chrysemys picta’ 


Limas D. Wall 


Cercaria elephantis, named and briefly described by Cort (1917) from 
Douglas Lake, Cheboygan County, Michigan, was thought by him to be a 
schistosome. This species of cercaria, along with the cercaria of Spirorchis 
parvus, first came to my attention in the summer of 1938 when they were 
found emerging from the snails Helisoma trivolvis (Say) and H. campanu- 
latum (Say), collected from tributaries of the Huron River and from lakes 
and ponds inhabited by turtles in Washtenaw County, Michigan. At first the 
two species of cercatiae, which are of about the same size and similar in most 
of the details of the excretory system and in the arrangement of their other 
organ systems, were considered by me to constitute a single species of schisto- 
some cercaria. Attempts were made to infect several species of birds and 
mammals, with negative results. Fishes, frogs and salamanders were also 
exposed to them, likewise without results. Nine species belonging to seven 
genera of turtles were next exposed to the cercariae and one species proved to be 
susceptible. In the spring of 1939 this species, Chrysemys picta, was infected; 
all others were negative. The finding of two species of blood flukes in some 
of these experimental turtles suggested that two species of cercariae had been 
used in the infection experiments. Further investigation proved this surmise 
to be correct. The two species of cercariae, when subjejcted to careful study, 
although superficially similar, showed significant differences in size and form 
of certain organs as well as in their habits of swimming and in positions 
assumed in floating and resting. The first species proved to be the cercariae 
of Spirorchis parvus (Stunkard, 1923) whose life history was briefly related 
by me (Wall, 1939, 1940) and is more fully described by me (Wall, unpub- 
lished research). The other was identified as the cercaria of Spirorchis elephan- 
tis. This infection experiment with turtles, noted above, furnished the clue to 
the definitive host of Spirorchis elephantis and led to the investigation of its 
life history, and to the establishment of a new group of cercariae (Wall, 
unpublished research). 

Spirorchis elephantis (Cort, 1917) 

Spirorchis elephantis (Fig. 7), an undescribed species of blood fluke in 
the arterioles of the muscular gut wall of Chrysemys picta, manifests the 
characteristic features of the genus Spirorchis and represents an additional 
species for that genus. 


1 Contribution from the Department of Zoology, University of Michigan. Grateful 
acknowledgement is made to Dr. George R. La Rue for criticisms and helpful sugges- 
tions and to Dr. Sterling Brackett of the University of North Carolina for the loan of 
slides and unpublished notes. This study was made possible by a fellowship of the 
General Education Board. 
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Specific diagnosis: Spirorchis; long, slender blood flukes; esophagus about 
one-fifth length of body; testes six, in posterior third of body, anterior to 
ovary; ovary large, about one-eighth body length from posterior end. 


Measurements* in millimeters of ten specimens fixed in Bouin’s fluid, 
stained in Delafield’s haematoxylin and mounted in balsam are: Body 3.150- 
4.083 by 0.060-0.109 (average 3.412 by 0.081); oral sucker 0.059-0.073 by 
0.023-0.030 (average 0.065 by 0.026); esophagus 0.568-0.920 (average 
0.668); testes 0.070-0.099 by 0.048-0.062 (average 0.078 by 0.056); vesicula 
seminalis 0.166-0.185 (average 0.175); ovary 0.074-0.085 by 0.044-0.059 
(average 0.077 by 0.053); distance from anterior testis to anterior end of body 
2.3-2.8 (average 2.55); posterior testis to posterior end 0.581-0.611 (average 
0.591); ovary to posterior end 0.286-0.328 (average 0.303); genital pore to 
posterior end 0.335-0.350 (average 0.343). 


Host: Chrysemys picta. 
Habitat: Arterioles of muscular gut wall. 


Locality: Ponds, lakes and tributaries of Huron River in Washtenaw and 
neighboring counties, Michigan. 


Cotypes: In author’s collection and in U. S. Nat. Mus., Helm. Coll. 


Adults are located only in the arterioles of the muscular and submucosa 
layers of the pyloric stomach and intestines of Chrysemys picta, and even in 
exceptionally heavy infections they have not been found in other organs. They 
have never been found in waste blood or in the physiological salt solution into 
which organs of the host were placed for examination. 


In respect to location and emergence from cut blood vessels S. elephantis 
differs from S. parvus, since in heavy infectious parvus may occupy hepatic 
vessels and may emerge from blood vessels severed near the intestinal wall. 
According to Stunkard (1923) parvus may occupy the heart and major 
arteries. Elephantis and parvus ate very similar in their habits and habitats, 
but the former is much longer and more difficult to extract from the vessels. 


The body (Fig. 7) is long, narrow and thin especially at the edges; the 
anterior end narrow and tapering when extended, the posterior end rounded 
and blunt. The worm is semitransparent, covered by a thin cuticle and provided 
with sensory papillae throughout its length. About a third of the oral sucker 
is beset with small spines, five to nine microns long. Short spines are distrib- 
uted closely on the general body surface of worms up to about six weeks of 
age; they were not observed in older worms. According to Mehra (1934) 
spines are present on the general body surface of Spirorchis orientalis (syn. 
Piasmiorchis orientalis and P. pellucidus) and S. hardellii (syn. P. hardellii 
and P. obscurum). And I have found spines on the anterior end of S. parvus. 

Digestive System: The oral sucker (Fig. 7) is large, elongate, protruding, 
and ovoidal, tapering posteriorly. Its size varies in different specimens. The 
mouth is subterminal; the esophagus is relatively long, about one-fifth the 


* Length stated first. 
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body length (Fig. 7). Esophageal glands are weakly developed along the 
length of the esophagus, but larger and more numerous posteriorly. The rela- 
tions of esophagus to intestinal ceca ate as described by me for S. parvus. 
The ceca, which extend almost to the end of the body are usually transparent 
and contain partially digested blood cells only in older worms. In this respect 
elephantis resembles parvus and another undescribed species in my collection 
from the same host and habitat, but these three species differ from other 
members of the Spirorchiidae living in arteries in other parts of the body. In 
the latter group of species the ceca are always colored by partially digested 


blood cells. 


With respect to the digestive system, members of the Spirorchiidae resemble 
the Schistosomatidae except that in the latter family the ceca are regularly 
fused in the posterior part of the body, a condition which is extremely rare in 
the Spirorchiidae. Fusion of the ceca near the posterior end of the body in 
two specimens of Spirorchis sp. has been described by Stunkard (1923) and 
in the same number by Wall (unpublished research). In the related Neo- 
spirorchis schistosomatoides the ceca ate fused from the middle to the 
posterior end of the body (Price, 1934). 


Reproductive System: The six testes are lobate, ovoidal or spheroidal 
bodies of variable size, approximately equal to the intercecal width. They 
form a linear series in the anterior half of the posterior third of the body. 
Except for the posterior two which are often incompletely fused, the testes 
are never in contact with each other. Fusion of the testes was never observed 
by me in S. parvus. The vesicula seminalis is broad anteriorly, narrow poster- 
iorly, spirally coiled and much longer than a testis. It passes to the left of 
the ovary and enters the cirrus sac which turns ventrally and opens into the 
genital pore. The latter is ventral and at the left of the median line near the 
level of the ovary. Prostate gland cells and a cirrus were not observed. 


The ovoidal or spheroidal ovary is situated on the right side of the median 
line immediately behind the vesicula seminalis. Its broader anterior end is in 
contact with the right cecum; the posterior end is almost median. The oviduct 
arises at the posterior end of the ovary and passes posteriorly along the right 
cecum. A dilation of the oviduct extending about half its length is filled with 
sperm. Narrowing beyond the dilation, the oviduct turns towards the median 
line, where the sperm filled receptaculum seminis branches from it. The recep- 
taculum narrows to form Laurer’s canal, which opens on the dorsal surface 
at the right of the median line. The common vitelline duct is ventral in posi- 
tion. It opens into the odtype just beyond the origin of the receptaculum 
seminis. Mehlis’ gland cells were not seen. The short uterus turns anteriorly 
and ends in a short muscular metraterm. Vitelline follicles fill the extracecal 
and intercecal space not occupied by other organs throughout the length of 
the ceca. Collecting ducts were not observed, but paired ducts from the lateral 
masses unite to form the vitelline reservoir. 

Excretory System: The excretory pore is median and postero-terminal (Fig. 
7). In living specimens its sphincter muscle fibers contract and relax at 
frequent intervals. The bladder is V-shaped, the two small flask-shaped 
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vesicles connected to the pore by a short median stem. The primary excretory 
tubes are extracecal, long, narrow and ciliated throughout their length. In all 
these respects this system resembles the excretory system of S. parvus. Several 
other species of the genus have been examined to see whether the primary 
excretory tubes are ciliated, but the excretory system was completely obscured 
by the dark colored ceca. Secondary excretory tubes were not observed. The 
five pairs of flame cells are located one pair each near the anterior and poster- 
ior ends and at one-third, one-half, and two-thirds of the body length. The 
number thus remains the same as in the body of the cercaria. 


A large coiled, non-staining vesicle containing a milky white fluid extends 
from the odtype posteriorly and between the vesicles of the bladder almost to 
the posterior end of the body (Fig. 7). This structure has been discussed by 
Stunkard (1923), by Mehra (1934) and by Byrd (1939) for various species 
of the genus Spirorchis. Although neither its function nor structural relation- 
ship have been satisfactorily explained, attention is here called to the reserve 
excretory system in the related Strigeoidea and to the system of channels or 
parenchyma spaces filled with a milky fluid in Clinostomidae, another related 
group. 

Life History 

Adults live in the arterioles of the muscular gut wall of the host. The eggs, 
which reach the outside in the feces, hatch in five to eight days at summer 
temperatures. Miracidia swim actively in water and penetrate into young 
snails, Helisoma trivolvis (Say) or H. campanulatum (Say), where they 
develop into mother sporocysts. The single generation of daughter sporocysts 
gives rise to fork-tailed cercariae which penetrate young turtles, Chrysemys 
picta. Development into sexually mature adults requires about three and one- 
half months after penetration. 


Ecc 


Location in Tissues: The eggs of S. elephantis are always found in the 
walls of the pyloric stomach and intestines. In light infections they are scat- 
tered, but in heavily infected young turtles masses of eggs form a solid 
coating over large parts of the intestine and stomach, frequently causing death 
of the host. The eggs of parvus are similarly located and they likewise form 
egg masses in heavy infections. The restriction of the eggs of the species 
studied by me to the walls of the alimentary canal and their proximity to the 
lumen of the gut have been explained elsewhere (Wall, unpublished research). 


The time interval between the deposition of eggs and their appearance in 
feces is the same as in parvus, vatying from two weeks in young turtles to a 
month in older ones. This period is in contrast with the minimum of six to 
eight days necessary for the passage of the eggs of Schistosomatium douthitti 
through the intestinal wall of mice (Price, 1931). In elephantis numerous eggs 
with well developed miracidia were obtained approximately three and one-half 
months after infection. 


Description: The eggs are large, broadly ovoidal, sometimes nearly 
spherical, operculated, containing well developed miracidia with pigmented 
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eyespots (Fig. 3). Eggs from the feces vary in color from light yellow in 
younger to dark yellowish-brown in older eggs. The shell remains semitrans- 
parent throughout development. With respect to the operculum species of 
Spirorchis differ greatly. S. artericola, according to Ward (1921) and 
Stunkard (1923), an undescribed species, according to Onorato and Stunkard 
(1931), and elephantis have operculated eggs. As to parvus there is a differ- 
ence of opinion. Stunkard (1923) described the eggs as operculated, but Wall 
(1939, 1940) found them non-operculate. 


Eggs with mature miracidia swell gradually when placed in water. Twenty 
eggs from freshly deposited feces measured 0.099-0.108 mm. by 0.083-0.097 
mm. (average 0.102 by 0.089). Twenty eggs after being in water six to eight 
hours measured 0.119-0.143 mm. by 0.102-0.127 mm. (average 0.131 by 
0.116). After six hours in water eggs swell but little. The miracidium is easily 
seen inside the semitransparent shell and within the vitelline membrane which 
is surrounded by a transparent fluid filled with small granules. At one side of 
the miracidium are two or three vitelline cells each with a distinct nucleus; on 
the other side, though varying in position according to the position of the 
miracidium, is a large vacuole almost as large as the embryo (Fig. 3). The 
developmental stages of the eggs of elephantis and of parvus are similar 
(Wall, unpublished research). The eggs of elephantis are larger and more 
spherical than those of parvus. The miracidia of elephantis within the eggs 
ate so large and so long that they are curved. 


MiraAcipDIUM 


Form and Size: The miracidia of elephantis and parvus closely resemble 
each other, except that the miracidium of elephantis is the larger. Fifteen 
specimens fixed in hot ten percent formalin measured 0.143-0.170 mm. by 
0.047-0.064 mm. (average 0.157 by 0054). Only the epidermal plates are 
ciliated. These plates are arranged in four transverse tiers containing six, six, 
four and two plates respectively as in parvus. The two longitudinal rows of cells, 
located on the dorsal and ventral surfaces just beneath the subepithelium 
observed by me in parvus, are present in elephantis (Fig. 2). 


Activities within the Egg: The miracidium is capable of movement before 
the cilia are visible. The activities of the miracidium within the egg resemble 
those of parvus. At room temperature its activity is considerable, decreasing 
at lower temperatures until at 5° C. activity practically ceases. It is more 
stimulated to activity in strong light than in weak. When the cilia are fully 
developed the miracidium becomes more active, but instead of moving forward 
and backward within the shell and revolving on its long axis as did parvus, 
the miracidium of elephantis is much bent and always moves in a citcular 
path. It does not rotate on its long axis at high speed as was described by 
Faust and Hoffman (1934) for the miracidium of Schistosoma mansoni. The 
miracidia of elephantis and of parvus alike in not forcing the anterior 
papilla against the inner surface of the egg shell. The opening of the opercu- 
lum does not seem to be associated with the physical activity of the mira- 
cidium, but perhaps is associated with the release of a secretion. My observa- 
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tions on the hatching process in S. elephantis agree in general with descrip- 
tions of the phenomenon in the Spirorchiidae and in every detail with the 
description of Onorato and Stunkard (1931) for undescribed species of 
spirorchids. Eggs of elephantis hatch in five to eight days in fresh water at 
room temperature and, as in other spirorchids observed by me, hatching occurs 
between midnight and 5 a.m. Watching miracidia in eggs and their activities 
for long periods of time, I did not see any miracidium attempt to emerge 
until after the operculum had become detached at some point from the shell 
proper. As the operculum begins to open the activity of the miracidium in- 
creases as if stimulated by something cntering from without, and from this 
time until the miracidium is free it struggles energetically to get out of the 
shell. Occasionally a miracidium enters the exit before the operculum is fully 
open and such a one never succeeds in freeing itself from the shell. Even when 
the operculum is fully opened, the miracidium must work hard for 5 to 10 
minutes to emerge. For a short time after emergence the miracidium is sur- 
rounded by a vitelline membrane and a dense liquid from the egg. Onorato 
and Stunkard (1931) assumed that the dense liquid formed the membrane, 
but my observations of hatching in parvus and elephantis indicate that there 
is a vitelline membrane distinct from the dense liquid containing small gran- 
ules. For a short time after hatching, the miracidium remains relatively inactive 
and then swims away rapidly. 


The miracidium of elephantis attacks and penetrates young snails, Heli- 
soma trivolvis (Say) and H. campanulatum (Say). It does not attack adults 
of those species or young Gyraulus, Physa, two species of Lymnaea or 
Succinea. 


Sporocyst GENERATIONS 


The mother sporocyst of elephantis (Fig. 4), resembles that of parvus in 
its location in the mantle of the snail hosts as well as in its form and struc- 
ture. After penetration of the miracidium into the snail, the anterior papilla 
and eyespots can be seen in various stages of degeneration for a week or more. 
Five mature specimens fixed in Bouin’s fluid and stained in Delafield’s haema- 
toxylin were 1.9-2.54 mm. long (average 2.23). 


Daughter sporocysts of elephantis (Fig. 1) undergo a short period of 
development in the mother sporocyst, as in parvus, before migrating to the 
digestive gland of the host. Young daughter sporocysts are elongate, bilater- 
ally symmetrical with a subterminal birth pore and spinose anterior end. They 
resemble the daughter sporocysts of S. parvus Wall (1940). Young daughter 
sporocysts fixed in Bouin’s fluid and stained in Delafield’s haematoxylin have 
a length of 0.310 mm. and older cnes 0.558-2.98 mm. 


CERCARIA 


Cercaria elephantis was named and briefly described by Cort (1917) as a 
“forked-tailed cercaria without a pharynx; eyespots present; divided lobes of 
tail less than half length of main stem and constricted off from it; body and 
tail including lobes covered with minute spines, evenly distributed; excretory 
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system with V-shaped bladder, ten flame cells in body and two in tail, open- 
ings of bladder at tips of divided lobes; between fifty and sixty cephalic glands 
which distend posterior part of body; body 0.16 mm., stem of tail 0.59 mm., 
lobes of tail 0.11 mm. in length; in digestive gland of Planorbis trivolvis Say.” 
He also observed what is now known as the island of Cort near the anterior 
end of the caudal excretory tube. Since the above description leaves untouched 
many details of structure, more detailed description of the cercaria and its 
activities is here presented. 


Description: The body is relatively large and capable of extension to more 
than twice, and of contraction to less than half, its normal length. The body 
lacks a finfold, is distended posteriorly by large masses of gland cells, and is 
usually seen in a semi-lateral position. The head organ is larger than the 
ventral sucker; eyespots are prominent, obovate, dark-brown with posterior 
peduncle and conspicuous lenses directed anteriorly (Fig. 6). The tail stem 
is about three times the length of the body; furcae approximately equal to 
length of body, furcae with prominent finfolds; body, tail stem and furcae are 
spinose, spines retrorse, more numerous on body than on tail, largest on 
anterior third of head organ; body and tail stem are papillose, papillae with 
sensory hairs, more numerous on posterior half of tail stem (Figs. 5, 6); tail 
stem is highly muscular, attached to body ventrally. 


Measurements in millimeters of sixteen laboratory raised cercariae fixed in 
hot ten percent formalin follow: body, 0.194-0.233 by 0.065-0.091 (average 
0.219 by 0.071), width at eyespots, 0.060-0.075 (average 0.066); length of 
tail stem, 0.620-0.734 (average 0.652); width at base, 0.035-0.056 (average 
0.045); width at widest part, 0.045-0.075 (average 0.062); width at furcae, 
0.033-0.053 (average 0.041); body plus tail stem, 0.783-0.872 (average 0.827); 
head organ, 0.048-0.081 by 0.029-0.038 (average 0.071 by 0.033); mouth to 
anterior end, 0.015-0.025 (average 0.022); diameter ventral sucker, 0.024- 
0.033 (average 0.028); eyespots, 0.015-0.019 by 0.011-0.013 (average 0.017 
by 0.012); furcae, 0.196-0.225 by 0.048-0.062 (average 0.220 by 0.056). 


Seven pairs of penetration glands (Fig. 5) are present in cercariae taken 
from the digestive glands of snail hosts, and only six pairs in naturally 
emerged cercariae. These glands are exceptionally long and are usually so 
constricted that each appears as two or more, but the true nature of the 
glands can be determined by the study of fully-developed cercariae, well 
extended under the coverslip and in embryonic cercariae taken from the 
sporocyst. The seven pairs of ducts from these glands open near the bases of 
seven pairs of sharply pointed penetration spines located at the anterior end 
of the head organ (Fig. 6). The mouth is subterminal, the esophagus long 
and the ceca are short and inflated. The excretory bladder is V-shaped; the 
excretory pores, situated at the tips of the furcae. An island of Cort is present 
(Fig. 6), but is absent in parvus. Each primary excretory tube is provided 
with two ciliated areas. The five pairs of flame cells in the body and one pair 
in the tail are arranged according to the flame cell formula, 2{ (1-+1+-1)+- 
(1+1-+1)}. The excretory system of this cercaria closely resembles that 
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found in other Spircrchiidae and in Schistosomatidae. The nervous system is 
as described by me for parvus (Wall, 1940). The reproductive fundament is 
a mass of uniformly shaped cells located about half way between the ventral 


sucker and the posterior end (Fig. 6). 


Activities: Cercariae on their way to the outside were often observed 
creeping through the tissues of young snails. Cercariae move out of the host’s 
body proper from the left side into the auriform lobe or pseudobranch. This 
structure is an extension of the left body wall in the region of the anus. It 1s 
triangular in shape with the apex pointing outward. This lobe partly envelops 
the anus and extends some distance beyond it. When young Helisoma are 
feeding or crawling about in containers this lobe extends some distance beyond 
the margin of the shell. Cercariae, while much contracted, work their way 
through the tissues of this thin lobe and emerge head first. Then gradually 
pulling the body and tail stem through the opening they remain for a short 
time attached by the furcae and wave from side to side. The channels made 
by the passage of the cercariae through this tissue may be seen for several 
minutes after the cercariae emerge. Occasionally cercariae bore into channels 
made by others and sometimes they penetrate into the lower part of the 
alimentary canal of the snail, but penetration into the gut seemed to be 
exceptional, for by far the majority of those observed burrowed out to the 
margin of the auriform lobe. 


The cercariae of elephantis swim more actively than those of parvus. They 
swim with either end forward, but the usual method is head forward. In float- 
ing the body and tail stem are held approximately straight. The furcae may 
be in one of several positions varying from right angles to the tail stem, to 
almost a straight line with the tail stem. The rate of downward movement is 
apparently determined by the angle formed by the furcae with the tail stem. 
When the furcae are at right angles to the tail stem descent is slow. Cercariae 
were not observed floating suspended in water. Until fatigue sets in cercariae 
seldom rest on the bottom of the container. When fatigued they swim only 
when disturbed, and then only for a very short distance before another rest. 
In this fatigued condition they are incapable of infection. The activities of 
C. elephantis differ from those of C. parvus, a relatively slow swimmer which 
rests on the bottom, hangs suspended in water and floats with the body and 
tail bent into one of several positions varying from a wide U-shape to one in 
which the anterior end of the body rests on some part of the tail. 


In general form the adult S. elephantis (Cort, 1917) closely resembles 
S. parvus (Stunkard, 1923), S. minutus Byrd (1939) and an undescribed 
species in my collection. Elephantis is about twice as long as parvus and four 
times the length of minutus. It has a longer esophagus than they. It has six 
testes as compared with four or five in parvus and ten in minutus, and the 
location of the testes in the three species is different. The genital pore is 
farther from the posterior end and Laurer’s canal is longer in elephantis than 
in parvus. Elephantis differs from minutus in the size, form, and position of 
the ovary and in the position of the genital pore. Elephantis and parvus are 
spinose, minutus aspinose. 
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From the remaining species of the genus elephantis differs so greatly in 
proportions of the body and number of testes that there can be no possibility 
of confusion. Certain of the latter group of species have an acetabulum which 
is lacking in the former group (elephantis, parvus and minutus.). 


Summary 


1. The life history of Spirorchis elephantis (Cort) has been completed 
experimentally in the laboratory and the egg-laying generation described for 
the first time. 


2. The definitive host is Chrysemys picta; the intermediate hosts are 
Helisoma trivolvis and H. campanulatum. 


3. First and second generation sporocysts develop in the mantle and 
digestive glands of the intermediate hosts, respectively. 


4. Free-swimming cercariae emerge from the hosts 26 to 30 days after 
penetration of these hosts by the miracidium. 


5. Cercariae work their way out of the snail by burrowing through the 
auriform lobe. 


6. Cercariae attack and penetrate the exposed membranes of the turtle 
host, becoming sexually mature in 31/4, months; producing large operculate eggs. 
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EXPLANATION OF PLATE 


All drawings were made with the aid of a camera lucida or microprojector. Unless 
otherwise stated, the value of the scale is 0.1 mm. 


Fig. 1, Mature daughter sporocyst with active cercariae. Fig. 2, Miracidium showing 
internal anatomy. Fig. 3, Miracidium in egg, illustrating the vitelline membrane, vitelline 
cells and large air vacuole. Fig. 4, Mother sporocyst from mantle of snail, containing 
embryos of second generation sporocysts. Posterior end forward. Fig. 5, Lateral view 
of cercaria from second generation sporocyst showing furcal fin folds, arrangement of 
muscle fibers in tail stem, cuticular spines, papillae with sensory hairs, and penetration 
glands on one side. Fig. 6, Naturally emerged cercaria, showing insertion of tail stem, 
penetration glands, nervous system, excretory system, head organ, head gland, penetra- 
tion spines, eyespots, gut and reproductive fundament, dorsal view. Fig. 7, Adult, dorsal 
view. 
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Aporina delafondi (Railliet), an Anoplocephalid 
Cestode from the Pigeon’ 


Kathleen L. Hussey 


Four tapeworms of the species Aporina delafondi (Railliet) were obtained 
from the intestines of a pigeon (Columba livia) taken at Ann Arbor, Michi- 
gan, January, 1937. This report appears to be the second record for this 
species in the United States; the first is that of Cram (1924) who reported 
it from North Dakota. 


The worms were fixed in sublimate-acetic, and whole mounts and sections 
of mature proglottids were made. The fixed individuals with gravid proglottids 
discharging eggs were 150 mm. long (or more), 5-6 mm. wide and 0.44 mm. 
thick. Gravid proglottids were attached to one another only by their lateral 
margins (Figs. 2, 3). These tend to roll up (Fig. 2), whether attached to the 
worm, or detached in groups of four or five to a dozen or more and loose in 
the intestine. Loose gravid proglottids (single or in groups) and many eggs 
were found in the intestinal contents. The seminal receptacle of the gravid 
proglottid forms an opaque white spot (Fig. 2) which is very prominent in 
the living worm. Proglottids are much wider than long; the first ones very 
short and narrow, approximately 0.013 mm. long x 0.31 mm. wide; mature 
0.75-1 mm. long x 4.25-5 mm. wide; ripe 1.5 mm. long x 5-5.5 mm. wide; 
gravid with most of eggs discharged 1 mm. long x 4 mm. wide. 


The bluntly rounded scolex (Fig. 1) has a diameter of 0.29 mm., lacks 
rostellum and hooks and has four nearly spherical suckers 0.11 mm. in diam- 
eter. The neck is 0.26 mm. in diameter and 0.43 mm. long. 


A slight projection with a pit approximately 0.028 mm. deep into which 
gland cells open is found on both lateral margins in the posterior quarter of 
each proglottid. This projection resembles the genital papilla. 


Longitudinal muscle fibers are well developed; transverse muscles less so. 
Dorso-ventral muscles appear as single fibers, the cell bodies being close to the 
mid-line of the proglottid, showing up very strikingly in sections of the region 
near the boundary of two proglottids. 


Since the material was fixed in an acid mixture, few of the calcareous 
bodies are distinct. For this reason, no estimate can be made of their number. 
Those observed were spherical and averaged 0.0093 mm. in diameter. 


The excretory system consists of two pairs of longitudinal trunks which 
join in the scolex (Fig. 1) just behind and between the suckers. The dorsal 


1 Contribution from the Department of Zoology, University of Michigan. 
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trunks are 0.0098 x 0.014 mm. and thicker walled than the ventral. They 
occasionally branch and anastomose forming a second trunk about half the 
diameter of the main one, running paraliel to it and lying on its median side. 
The ventral trunks are larger in cross-section (0.037 x 0.082 mm.), usually 
collapsed and thinner walled than the dorsal. The transverse vessel connecting 
the ventral trunks in the posterior region of each proglottid branches and 
anastomoses (Fig. 9). Flame cells are distributed in both cortex and medulla. 


The genital pores are lateral, irregularly alternating, between the first and 
second thirds of the proglottid. The genital atrium opens to the outside by a 
very nafrow passage (Figs. 5, 6), which is sometimes not apparent. One 
section (Fig. 4+) shows sperm passing from the male duct through the common 
genital passage to the vagina. In this case the opening to the outside is not 
discernible and may be absent. In another proglottid (Fig. 5) sperm is passing 
to the outside. The genital ducts pass dorsal (Fig. 6) to the longitudinal 
excretory ducts. 


The male reproductive system consists of about 90 testes (range 71-101), 
oval or circular in outline, 0.094 mm. in diameter, situated in a single layer 
in two fields ventral to the uterus and bounded laterally by the longitudinal 
excretory ducts. Usually more of the testes are on the aporal than on the poral 
side of the proglottid. The vas deferens extends nearly straight to its terminal 
portion, dorsal to the vagina. The external seminal vesicle is nearly spherical 
(0.091 x 0.109 mm.), the internal seminal vesicle oval (0.13 x 0.067 mm.). 
The wall of the cirrus pouch is rudimentary or degenerate, but sometimes a 
delicate limiting membrance can be seen, within which relatively large uni- 
cellular glands, probably prostate, are found. This cirrus pouch is 0.35 mm. 
long, extending to the inner edge of the ventral excretory trunk. There is 
apparently no cirrus, but the corresponding duct is 0.10 mm. long and armed 
with cuticular spines. Musculature of these parts of the male system is very 


slightly developed. 


The female genital complex (Figs. 7, 8) lies nearer to the poral than the 
aporal side of the proglottid. The ovary measures 0.56 x 0.91 mm., composed 
of many long finger-like processes emanating from a mid-piece. It is anterior 
to the vitelline gland and Mehlis’ gland, dorsal to the uterus, and partially 
surrounds the seminal receptacle. The vitelline gland measures 0.15 x 0.25 
mm., is lobed (but not as deeply as the ovary), and lies posterior to the ovary. 
The vagina lies ventral to the vas deferens, its terminal portion being posterior 
and either dorsal or ventral to the terminal portion of the male system (Fig. 
6). The pear-shaped seminal receptacle measures 0.19 x 0.31 mm., and lies 
dorsal to the other organs of the female genital complex. In mature and ripe 
proglottids this seminal receptacle is filled with sperm forming the opaque 
white spot so conspicuous in living specimens. A short muscular odcapt 
connects ovary and oviduct. The union of vagina and the short oviduct occurs 
very close to or within Mehlis’ gland and at about the center of the gland the 
common duct (fertilization passage) joins with the vitelline duct forming the 
ootype. From the ootype, the short, slightly twisted uterine passage leads to 
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the uterus which lies ventral to the ovary in the anterior part of the proglottid. 
In mature proglottids this appears as a simple transverse tube, its ends curved 
posteriorly, ending between the two longitudinal excretory trunks in the 
posterior part of the proglottid. In ripe proglottids the uterus becomes sack- 
like with rounded pockets extending from the sides of the central tube and 
filling the whole of the medulla. These projections finally become so crowded 
that the uterus appears to be a broad tube, with a somewhat indented margin 
and septa extending nearly to the center. The arrangement of ducts corre- 
sponds very closely to Wollfhiigel’s (1904) figure for this species, except that 
in my specimens the fertilization passage, oviduct and vitelline duct are shorter 
and less twisted, and the odtype does not form as definite and rounded an 
enlargement. 


The ripe eggs as discharged from gravid proglottids are slightly oval, have 
three membranes and contain the onchosphere. There is no pyriform apparatus. 
Living eggs in water measure: outer membrane 0.093 x 0.090 mm.; middle 
membrane 0.064 x 0.049 mm.; inner membrane 0.041 x 0.027 mm.; oncho- 
sphere 0.036 x 0.024 mm.; embryonic hooks 0.012 mm. 


The glands near the posterior end of each proglottid are not figured or 
described for this species by Fuhrmann (1902), Wollhigel (1904) or Baer 
(1927), but are described and figured for a very similar species, A porina 
fuhbrmanni, by Skrjabine (1915). 


My specimens correspond very closely to the description of this species by 
Fuhrmann (1902) in size of worm, scolex, calcareous bodies, in character of 
excretory ducts, position of longitudinal nerves and genital pores and ducts, 
length of cirrus, in size, shape and position of female organs; but they differ in 
having larger suckers, longer cirrus pouch, and eggs with three membranes 
instead of two. Wollfhigel’s (1904) description of this species differs from 
that of Fuhrmann (1902) chiefly in the smaller size of the scolex, absence 
of genital pores, the male and female genital ducts joining in the medulla. 
smaller testes, and the absence of cirrus pouch. Baer’s (1927) description is 
based largely on data given by Fuhrmann (1902) and Wollfhiigel (1904), 
but it gives less detail. 


Aporina fuhrmanni Skrjabine 1915 is also very close to my specimens and 
to Wollfhiigel’s description of A. delafondi and may prove to be the same. 


Specimens on which this description is based are in the private collection 
of the author and in the collection of Dr. George R. LaRue, Department of 
Zoology, University of Michigan. 
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EXPLANATION OF PLATE 


Figs. 2, 3 are free-hand sketches; all others were drawn with the aid of the camera 


lucida. Scale—=0.1 mm. 


Abbreviations: c, terminal portion of male reproductive duct; ecv, ventral 
excretory commissure; etd, dorsal excretory tube; etv, ventral excretory tube; fp, fer- 
tilization passage; mg, Mehlis’ gland; n, longitudinal nerve trunk; ov, ovary; ovd, ovi- 
duct; sp, sperm; sr, seminal receptacle; sve, external seminal vesicle; svi, internal 
seminal vesicle; up, uterine passage; ut, uterus; v, vagina; vd, vas deferens; vit, 
vitellaria; vtd, vitelline duct. 


Fig. 1, Scolex showing suckers and longitudinal excretory ducts and anterior com- 
missure. Fig. 2, Gravid proglottids, rolled up, as found free from worm in intestine of 
host. Fig. 3, Gravid proglottids with most of eggs discharged. Fig. 4, Lateral portion of 


mature proglottid in X-section. Sperm passing from male duct into vagina. Pore appar- 
ently not open. Fig. 5, Lateral portion of mature proglottid in X-section. Sperm passing 
from male duct to outside, through open genital pore. Fig. 6, Diagram of terminal 
portions of genital ducts. Anterior view. Fig. 7, Female genital complex. Ventral view, 
drawn from sections. Fig. 8, Arrangement of ducts of female genital complex. Ventral 
view, drawn from sections. Fig. 9, Reconstruction showing branchings and anastomoses 
of ventral excretory commissure. 
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Oswaldocruzia minuta n. sp. (Nematoda), 
from Acris gryllus* 


A. C. Walton 


Oswaldocruzia minuta n. sp. 


Description—Based on 3 males and 15 females. With the characters of the 
genus Oswaldocruzia and of the sub-genus Oswaldocruzia. 


Male.—Length, 3.7 mm.; greatest width, 0.065 mm.; length of esophagus, 
0.29 mm.; length of head inflation, 0.54 mm.; head-cervical papilla distance, 
0.236 mm.; head-excretory pore distance, 0.22 mm.; head-nerve ring distance, 
0.163 mm.; cloaca-tail distance, 0.036 mm.; spicule length, 0.181 mm.; lateral 
alae absent. 


Female.—Length, 6.48 mm.; width at vulva, 0.073 mm.; length of esoph- 
agus, 0.37 mm.; length of head inflation, 0.036 mm.; head-cervical papilla 
distance, 0.29 mm.; head-excretory pore distance, 0.3 mm.; head-nerve ring 
distance, 0.21 mm.; lateral alae absent; vulva-tail distance, 2.27 mm.; size of 
embryonated eggs, 0.072 x 0.029 mm. 


Oswaldocruzia minuta n. sp. a. Lateral view of tail of male. b. Detail of dorsal ray. 
c. Detail of spicule. 


Host.—Acris gryllus from Terre Haute, Indiana (collected by Clarence 
Shockley, December 5, 1938). 


Habitat. —Intestine of host. 


Type specimens.—Co-types deposited in the Collections of the United 
States National Museum. 

Discussion.—In general characteristics this form—Oswaldocruzia minuta 
n. sp.—most neatly approaches Oswaldocruzia molgeta Lewis, 1928, from 


* Contribution from the Biological Laboratories of Knox College, No. 69. 
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Welsh salamanders. These two species are the smallest members of the genus 
thus far reported. The thirty to thirty-six longitudinal ridges on the cuticula 
of the body are more numerous than are those reported for O. molgeta. The 
spicules are of a distinctly different pattern from those of O. molgeta, as well 
as being distinct from those of any of the North American species of the 
genus. From the study of seven species of Oswaldocruzia the writer is of the 
opinion that the best criterion for species differentiation within the genus is to 
be found in spicule pattern rather than in range of size, bursal ray pattern, or 
the relative arrangement of the various anatomical structures normally used in 
the description of new species of Oswaldocruzia. 


This material was made available for study through the courtesy of Mr. 
John Mohr of the University of California. 
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The Life History and Ecology of the Crayfish 
Cambarus immunis Hagen* 


Peter Isaac Tack** 
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Introduction 


The crayfishes of the genus Cambarus are widely and abundantly distrib- 
uted in America yet most species have received little attention regarding their 
life history and ecology. Andrews (1904a) presents extensive observations on 
the breeding habits, oviposition, hatching and growth of young of C. affinis 
(=C. limosus). Van Deventer (1937) gives the life history, growth rate, 
seasonal changes and longevity of C. propinquus. There are, in addition to 
these two extensive works, many brief notes of isolated observations on various 
species in various stages and localities. Many similar notes on C. immunis are 
scattered in the literature, but no complete work has ever been published so 
far as the writer can ascertain. 


* A thesis submitted to the Graduate Faculty of Cornell University in partial ful- 
fillment of the degree of Doctor of Philosophy, June 1939. 


** The writer wishes to express his gratitude for the criticism and encouragement of 
the late Professor George C. Embody. He first suggested this problem and gave invalu- 
able advice during the organization and prosecution of the study. Thanks are also due to 
Mr. William F. Royce who aided in the preparation of the photographs. 
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Methods 


Observations were catried on both in the laboratory and in the ponds. The 
laboratory observations were made on isolated individuals to aid in interpreta- 
tion of field observations and not as a basis for the life history. The various 
stages could be positively identified only by rearing isolated specimens and 
keeping record of the molts of the individual. This makes possible a direct 
comparison with the work of Andrews (1904a) on C. affinis and Steele 
(1902) on C. virilis. 


Statistical data were used to supplement observations particularly on 
growth and production studies. Length and weight measurements were made 
on samples of 100 at intervals of approximately twenty days throughout the 
growing season for growth studies. In September, the ponds were drained and 
the crayfish were captured to get the total number and weight of the crayfish 
in the pond. The number captured at the time of draining was estimated as 
approximately one-half the population of the pond, as will be explained in the 
discussion of reaction to habitat. 


The measurements made during the first two years of this study were of 
the total body length from the end of the rostrum to the end of the telson. 
After the appearance of Van Deventer’s paper in August 1937, it became 
desirable to have comparable measurements with those of Van Deventer and 
thereafter, both total length and length of the cephalothorax were taken. All 
measurements were made along the mid-dorsal line and were the shortest dis- 
tances between the terminal points, that is, they did riot follow the contours 
of the body. From 94 computations, the cephalothorax was found to be 50.8% 
or approximately one-half the total length for both males and females at all 
stages of growth. It was finally decided to abandon measuring the total length 
because of its variations due to the telescoping of the abdominal segments and 
the difficulty in straightening the abdomen. 


Taxonomic Status of the Species 


This species was first described by Hagen (1870, p. 71) from collections 
in the Museum of Comparative Zoology at Harvard as Cambarus immunis. 
Herrick (1882, p. 253) described the same species as Cambarus signifer. 
Faxon (1885, p. 146) described a variety, spinirostris, from young specimens. 
Ortmann (1931, p. 93) puts C. immunis immunis and C. immunis spinirostris, 
together under the original designation of Hagen. Creaser (1930, p. 263) 
says: “The form of Cambarus immunis called C. immunis spinirostris by 
Faxon is not considered here as a true geographical subspecies. Specimens 
without spines on the rostrum occur in the same ponds with individuals bear- 
ing spines.” In subsequent works, Creaser follows Ortmann. Creaser (1933) 
elevates the subgenus Faxonius to generic rank. Ortmann (1931) suggests the 
spines are a character of the young and a variable. The writer concurs in this 
because examination of a large number of individuals of all sizes shows clearly 
a tendency for the spines to decrease in size and finally disappear with age. 


Young less than one year have pronounced lateral spines on the rostrum. 
Those between one and two years old have the pronounced spines in the 
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spring, but show a decrease with each subsequent molt. By the end of the 
second summer these spines have all or nearly all disappeared. Those surviv- 
ing the third summer show no spines at all. The sides of the acumen are 
concave with an angle at the caudal end where the spines are found on 
younger specimens. Although the writer has not had the opportunity to 
examine collections from other localities, observations made at Ithaca seem 
to indicate that the spined condition is a character related to age rather than 
race or variety. 
Habitat Preference 


C. immunis has a decided habitat preference for mud bottoms and stagnant 
or very slowly moving water. Forbes (1876) says: “This is the commonest 
species of central Illinois. It is especially frequent in the muddy ponds of the 
prairies whence it may be drawn by the hundred with a small seine.” Creaser 
(1933) says: “This species prefers slowly moving streams, ponds, or lakes 
with muddy bottoms and with an abundance of vegetation.” 


The ponds of the Cornell University Experimental hatchery all have a 
generous amount of mud on the bottoms, and all but five have a luxuriant 
growth of Elodea, Potomogeton, and Marsilea. All these ponds have a popu- 
lation of crayfish, with no consistent difference in population between the 
ponds with vegetation and those without. This may not be significant since 
all these ponds are used to produce fish and are either fertilized to produce 
natural food or receive artificial fish food. It is known from direct observation 


that the crayfish will eat waste artificial fish food and organic fertilizers such 
as cotton seed meal, soybean meal or hay. Langlois (1935) reports that C. 
rusticus Girard also eats waste fish food. This introduced food material may 
offset the absence of vegetation. It is evident, however, that they do well in 
the presence of vegetation or artificial organic fertilizers. 


Cascadilla creek, a stream with rubble bottom and moderate current, which 
runs within a few feet of most of the ponds, is well populated with C. bartoni 
but has very few specimens of C. immunis. It would seem safe to conclude 
then, that C. immunis is quite definitely a species of mud bottoms and stag- 
nant or slowly moving water. This is further supported by the fact that no 
females with eggs or young of this species have been found in the creek 
adjacent to the hatchery ponds. 


Reaction to Habitat 
TIME OF ACTIVITY 


There is some variation in the reaction of the crayfish in these ponds. On 
bright sunny days, when it is possible to see the pond bottoms, a few adults 
can usually be found either half buried in the mud or moving about actively 
as if searching for something, probably food. The majority, however, are 
hidden away under stones or in burrows during the day and come out in large 
numbers about sun down and apparently are active all night. 

Two methods were used in an attempt to evaluate the relative activity 
during the day and night. The first method was by the use of traps. One 
trap was placed in each of two ponds and the trapped crayfish were removed, 
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counted and recorded morning and night. These data are tabulated in Table 
1 and show greater nocturnal activity. 


TasLe 1.—The Number of Crayfish Trapped During Corresponding Periods of 
Night and Day. 
Trap A (Pond C) 
Night 
No. captured No. captured 


Trap B (Daphnia Pond No. 1) 
Night 
No. captured No. captured 
7 2 


0 


20 
31 


The second method was that of direct observation. The area marked by 
the two intake pipes to pond C was observed during the daylight hours and 
the number of crayfish recorded. This observation was repeated in the same 
area at intervals in the evening as it became dark. The results can best be 
shown in tabular form. (Table 2). 


TasBLe 2.—The Number of Crayfish Active at Intervals During the Day. 


Date Time No. of Crayfish 
8:45 P.M. 83 
8:30 a.m. 0 


The above data pertain only to adult crayfish. The young in their first 
summer are active during both day and night until autumn when they leave 
the vegetation of the ponds as described later. Further analysis of the data 
from the traps shows that only a single female with young was caught in the 
traps. It was not difficult to take females with eggs or young at the edge of 
the pond by lifting the turf or stones. This indicates the wariness of females 
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with eggs or young. Harris (1901) says, “It is certain that the burrows are 
not adopted as retreats while the eggs are being hatched, for I have taken the 
females in the fall, apparently soon after the eggs were laid, and they come 
out early in the spring — about March 20 — to complete the process of 
hatching the eggs.” The writer has found egg bearing females in the open 
pond both in the fall and spring but not at the time the eggs were being laid 
or during the hatching period as distinguished from incubation period. Fur- 
thermore, only a relatively few females with eggs are to be found in the open 
pond. 


Additional evidence that crayfish are nocturnal is supplied by the fact that 
only at night do they leave the ponds to migrate across the banks to other 
ponds. They move about on the banks considerably during the summer, par- 
ticularly when the grass is wet with dew or rain. The writer has been unable 
to assign a reason for this behavior. This may or may not be connected with 
mating since both males and females have been found on the banks. They do 
not appear to be eating but this may have been interrupted by light used to 
find them. Population density in the pond they left might also have been a 
factor. There is, however, no evidence to point to any of these and migration 
may be inherent in their behavior. This over-land migration is also accom- 
panied by a migration from pond to pond through the underground pipe lines. 
C. bartoni has also been found to leave the water and move about upon the 
banks of the stream. 


BurRROWS AND CHIMNEYS 


The burrows are usually near the surface of the water and are directed 
horizontally into the bank with a deeper cell at the end. Frequently there will 
be several specimens in a single depression or burrow under the edge of the 
turf. They rarely penetrate the bank more than fourteen inches, the maximum 
penetration measured in the experimental ponds being twenty-one inches. 


When the habitat is disturbed by draining a pond, about half of the adults 
will leave the stones and burrow and follow the water while the others will 
remain in the burrows. As nearly as can be ascertained, about half follow the 
water and half remain in the burrows. It is obviously impossible to be sure 
how many do remain but the above estimate was arrived at by probing a small 
number of the burrows. Those that follow the water have been taken up with 
the fish for the purpose of estimating the pond production. If they are not 
removed from the pond, they will burrow through the layer of mud to the 
gravel beneath, where they form a cell and remain until the pond is refilled. 
In no instance has one been observed to construct a chimney under these 
circumstances (Plate 2, Fig. 4). These burrows are always sealed with mud 
and only a very small mound results from the mud ejected. The mound is 
made of pellets as is the chimney. 

Chimneys cause damage to machinery used to mow grass in some lowland 
areas since they are usually located away from the water. Only a single 
chimney, however, was seen during the four years of this study. It is believed 
that they are constructed only where water levels fluctuate widely. 
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No leakage of the ponds has resulted from the burrows of this species. 
The burrows of some other species have been known to cause serious damage 
to pond banks. 


The immature crayfish of this species are found under quite different 
conditions from the adults. They are abundant in the shallow water near the 
bank or well up in the aquatic vegetation throughout their first summer. This 
behavior is changed in late August and early September when the young leave 
the vegetation and go to the bottom. As the water gets cooler in late Septem- 
ber and early October these young, along with the adults, move into deeper 
water and seek cover in burrows and under stones. This is a gradual behavior 
and apparently is not correlated with size or number of molts since both large 
and small leave the upper parts of the vegetation and go to the bottom. This 
is continuous with their movement to secluded places where all of them spend 
the winter. It is very difficult to find any crayfish in the open water after mid- 
October. By this time, the females have retired to shelter where they deposit 
and incubate the eggs. Many of the males have died after copulation and the 
remainder have sought shelter under stones or in burrows. The immature 
specimens are the last to seek shelter. This agrees with C. propinquus as 
reported by Van Deventer (1937), but is in sharp contrast to the behavior of 
the young of C. bartoni which are nocturnal as soon as they leave the mother. 


Breeding Habits and Life History 
MATING 

Season.—In the ponds of the Cornell University Experimental Fish Hatch- 
ery, the mating season is quite extended and apparently may take place from 
the time males become first form* until the females retire to their burrows to 
deposit eggs. The earliest observation of mating was June 16. Mating continues 
from about mid-June, increasing in frequency, to a height during late August. 
The frequency decreases then until mid-October when nearly all the females 
have retired to their burrows in preparation for oviposition. Matings are infre- 
quent during late September and October since many males have already died 
and others are beginning to seek shelter for the winter. The latest observed 
mating took place on October 12. The mating season extends, then, through a 
period of nearly four months. 


The mating of this species of crayfish may be described as promiscuous 
since either male or female may mate again with the same or other individuals. 
Andrews (1904a) reported similar behavior for C. limosus. The following 
observations were made under somewhat artificial conditions. The crayfish 
were taken from the ponds and placed in troughs used for hatching fish eggs 
and rearing fry. Three pairs were used in this instance. Individuals of both 
sexes were marked by removing one of the walking legs. This permitted posi- 
tive identification of each individual in the experiment. This method of mark- 
ing works well with a small number of crayfish in a confined container but is 
of no value when the crayfish are to be released in ponds with a mixed popula- 


* First form is a term by carcinologists with reference to the first pair of pleo- 
pods of the male of the genus Cambarus. (Plate 1, Fig. 5). 
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tion. Any collection of crayfish from a pond will yield individuals with missing 
limbs as well as partially regenerated limbs. Hence it becomes apparent that 
this method of marking is not useful except in limited situations. 

The individuals of each sex were numbered from one to three. The 
numbers of the individuals involved and the duration are given for each 
mating observed. The following matings were all observed on September 20, 
1937. 

Male no. 2 mated with female no. | from 11:10 a.m. to 11:43 a.m. 
Male no. | mated with female no. 2 from 3:13 p.m. to 4:14 p.m. 


Male no. 3 mated with female no. | from 2:15 p.m. to 4:25 p.m. 
Male no. 3 mated with female no. 3 from 8:30 p.m. to 11:00 p.m. 


Description —For a description of the copulatory attitude the reader is 
referred to Andrews (1895). This description pertains to C. immunis as well 
as to C. (affinis) limosus. 

Preparation for Egg Laying.—Egg laying takes place a considerable time 
after the past preceding molt and the exoskeleton is often corroded with algae 
and other foreign material. This is cleaned off prior to egg laying. The clean- 
ing is started four or five days previous to the actual laying. This procedure 
is carried out in the same fashion as described for C. limosus by Andrews 
(1895 and 1904a). The female uses the fifth walking legs, first one then the 
other, as a brush. She bends the leg backward and under the abdomen then 
moves it to and fro and the bristles on the propodite brush off most of the 
corrosion. Occasionally the claws of the second or third pair of walking legs 
are used to remove some particularly difficult bit of material. She frequently 
lies upon her side or back during this procedure. The female, during this 
period of cleaning, is extremely sensitive and will dart excitedly about the 
aquarium in an attempt to find a secluded place. Andrews (1895 and 1904a) 
reports similar behavior for C. limosus. This procedure has not been observed 
in the ponds since nearly all the females are in burrows at this time. The 
nervousness is so severe that if one individual is disturbed two or three times 
in succession death will result. 

Spawning Season.—Observations were made daily for a time before egg 
laying was expected and continued throughout the laying season in order to 
ascertain its onset and duration. On September 8, 1935, four females were 
taken directly after they were seen in copula and placed in aquaria to find 
when the eggs were laid. On September 9, 1935, six more females were taken 
after copulation and placed in separate aquaria. One female was removed on 
October Ist and the ovaries dissected out to determine their condition. The 
eggs in the ovary were mature, dark brown in color, and were apparently 
nearly ready to be extruded. One female was found dead on October 7th and 
her ovaries were, as far as could be seen, in the same condition as the one 
dissected seven days before. Five more died during the following two weeks. 
The ovaries of these were all in like condition. The remaining three lived 
but did not lay eggs. They were killed and dissected on November 10th and 
the eggs were in a state of disintegration. They were a reddish yellow color 
and semi-liquid. Adult females not bearing eggs have been taken from the 
ponds and found to show this same condition. 
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Observations were made on crayfish in the ponds as a check against those 
in the aquaria and the results were more satisfactory. Adult females from the 
ponds were dissected out on October 1, 7, and 14, 1935, and the ovaries were 
found to be mature and apparently ready to be extruded. On October 23rd, 
twelve of 74 females were taken in berry* and, on November Ist, forty-six 
out of 48 females were in berry. The samples taken were not considered entire- 
ly adequate but the time required to dig them out of the bank prevented 
taking larger samples. 

Similar observations were made 1 1936 and 1937 with the same results. 
In 1936, the first females with eggs were taken October 24th when two of 100 
females were carrying eggs. In 1937, the first females with eggs were observed 
on October 18th when one very large female, evidently one that had survived 
the third summer, was taken from the trout ponds. Forty-three smaller ones 
were collected the same day and none were found with eggs. On October 21st, 
three of 78 collected were in berry and, on October 28th, ninety-two of 100 
collected were in berry. 

It is apparent, then, that in this vicinity the spawning season is of relatively 
short duration and falls chiefly during the last ten days of October, although 
some spawn in early November. The larger females lay their eggs a little 
eatlier than the smaller ones. 


OVIPOSITION 


Repeated attempts by the writer to observe the process of egg laying 
resulted in a single incomplete observation. Females known to have mated 
were placed singly in aquaria for observation. Only three of the twenty females 
so treated lived to produce eggs. All females were extremely excitable as the 
egg laying time approached, and during this period of excitability they nearly 
all died. Two produced eggs during the night and were not observed. The 
third was seen to have the glair,** which Andrews described, late in the after- 
noon and was lying upon her back. Close watch was kept until midnight when 
no eggs had yet appeared. The following morning at 8:00 A.M. the eggs had 
been laid and the female was turning from side to side. This was carried out 
exactly as described for C. limosus by Andrews (1904). 


Fertilization of Eggs—The actual meeting of the sperm and egg has not 
been satisfactorily explained. The difficulty encountered in getting near the 
female at the time of oviposition, no doubt, is the main obstruction. It is 
evident, however, that the sperm are released into the glair since in all instances 
where the females were examined before oviposition the sperm plug in the 
annulus ventralis was intact and those examined after the glair had dispersed 


showed a broken end on the sperm plug. 


Since the glair covered the oviduct openings it is entirely possible for the 
sperm to enter the oviducts and fertilize the eggs internally. The only evidence 
to indicate that this happens is that a limited number of observations failed to 
reveal a micropile on eggs attached to the pleopods. It is not conclusive 


* In berry indicates a female carrying eggs. 
** Andrews refers to the secretion of the ventral abdominal cement glands as glair. 
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evidence that a micropile is not present, however, for the eggs observed were 
fertilized and it is likely that if a micropile were present it was plugged. 


Care of Eggs.—The most striking part in care of eggs is the process of getting 
them attached. Andrews (1904a) thinks the egg stalk is formed from the glair 
by mechanized agitation during the turning process. This has not been demon- 
strated but the eggs do become attached while in this glair. The attachment of 
the eggs to the swimmerettes is very similar to that of the outer border of the 
glair to the end of the telson and to the thorax. 


After the eggs are attached and the glair dispersed, the female has only 
to keep the eggs well aerated. She arches her abdomen and swings the pleopods 
back and forth rhythmically thus creating currents in the water and insuring 
good circulation of water about the eggs. When not actively aerating the eggs, 
the tail is bent around underneath them. The ovigerous female often manipu- 
lated the eggs with her fifth pair of periopods. This serves to dislodge dead 
eggs which are then eaten by the female. 

The mortality of eggs appears to be very low. Only a few females show 
a noticeable decrease in the number of eggs during the incubation period. 
Those females which incubated their eggs in aquaria occasionally had eggs 
that were coagulated and later became fungused. Five females have been found 
with a small number of eggs, all of which were dead and covered with Sapro- 
legnia. Two of these females were kept in aquaria and neither of them made 
any observed attempt to remove the eggs (Plate 1, Fig. 2). 


Reproductive Capacity.—Egg counts were made on 37 ovigerous females 
to estimate the average number of eggs laid. The first spawning females were 
treated separately from the second spawning group. Thirty-one of the thirty- 
seven were first spawning females, the remaining six were in all probability 
second spawning females. The average number of eggs per female for the first 
spawning group is 84 with a maximum of 170 and a minimum of four. This 
minimum must, however, be considered as zero since two per cent of the 
females for some reason fail to extrude their eggs. The average number of eggs 
per female for the second spawning females is 195 with a minimum observed 
number of 38 and a maximum of 289. 


The writer is aware of the limitations of the data presented on this topic. 
The sample is rather small since the number of eggs on each female were 
counted and not estimated. Furthermore, to arrive at an estimate of the real 
reproductive capacity or biotic potential it would be necessary to make counts 
of eggs in the ovaries since calamity may be visited upon them from the time 
the ovarian membrane is broken. 

Statistical analysis yielded a correlation coefficient (r) of .642 for the 
number of eggs related to cephalothorax length. This indicates a definite 
positive correlation between the number of eggs and length of cephalothorax 
of the female. These data are graphically represented in Fig. 1. 


INCUBATION AND HATCHING 


During most of the incubation period the eggs appear opaque and very 
dark in color, almost black. The color slowly changes to a reddish orange 
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about one week before hatching. This in turn gets much lighter, except in the 
tegion of the yolk storage in the embryo, until a day or two before hatching 
when the embryo is plainly visible through the shell. 
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CEPHALOTHORAX 


Finally the surrounding membrane ruptures and the embryonic skin is 
shed at the same time. The young are suspended by this embryonic skin which 
is attached to the egg stalk and to the telson of the newly hatched young. 
They are now in the “first stage” of Andrews (Plate 2, Fig. 3). 


Growth During the First Summer 
CHANGES DURING THE First FIvE STAGES 


First Stage Crayfish—The term “stage” is used here since instar is not 
generally accepted by carcinologists. Wan Deventer (1937) uses the term 
instar. 

Soon after hatching, the first stage crayfish grasps about with its chelae 
until it seizes an egg stalk and hangs on tightly. It is then attached at both 
ends. The chelae in this and the following stage are recurved at the tips and 
hook firmly into the egg stalk. In most cases the first stage cryfish seizes its 
own egg stalk and only occasionally will two be found attached to the same 
egg stalk. This attachment is usually accomplished in a few minutes but some 
have been seen to swing about by the old skin for as long as two hours. The 
embryonic skin loses attachment at the end of the telson in about twenty-four 
hours after which the young crayfish is suspended by his chelae alone. The 
characteristic appearance of this stage is due to the reddish brown stored yolk 
which causes the carapace to be humped and rounded both dorsally and later- 
ally. This causes the rostrum to be depressed or slant down between the eyes. 
The eyes are proportionately larger than in later stages. The first and last 
abdominal appendages have not yet appeared although the uropods are visible 
as buds on the lateral margins of the telson. 

This stage persists from two to seven days depending on the temperature. 
At a mean daily temperature of 65.3° F. it persisted two and one-fourth days, 
after which they molted and became second stage crayfish. 


Second Stage Crayfish—Here again the cast skin remains attached to the 
end of the telson and to the egg stalk by the cast chelae of the first stage 
exoskeleton. This is a remarkable adaptation to keep the young from falling 
off the mother at the molting period. This stage is similar to the first in that 
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the chelae are recurved at the tips and the eyes are proportionately larger than 
in later stages. The first and last abdominal appendages are not yet present, 
although the uropods, visible as buds in the first stage, are somewhat larger 
but not free of the telson. The carapace is less humped and rounded and the 
rostrum is directed somewhat more forward. The reddish brown yolk is much 
less conspicuous than in the previous stage. 


Chromatophores first appear in the integument in this stage. They are 
reddish brown in color and variable in shape. These chromatophores can be 
seen to contract and expand if the crayfish is changed from a light colored 
vessel to a dark one. In a dark vessel the chromatophores are expanded with 
a disc-shaped central portion and one to seven triangular projections arranged 
in irregular fashion. In a white vessel these chromatophores are contracted and 
difficult to see with a naked eye. Under a binocular microscope they are visible 
as small globular or spherical cells. 


This stage persists from five to twelve days according to the water temper- 
ature. In aquaria with a mean daily temperature of 65.7° F. this stage 
persisted seven days and was terminated by the third molt (Plate 2, Fig. 1). 


Third Stage Crayfish—The third molt is accomplished in from two to 
five minutes and does not have the cast skin attached to the end of the telson. 
The claws have lost the sharply recurved tips, the uropods are free and 
expanded, and the general appearance is like the adult. The first abdominal 
appendages have not yet appeared, however, and it is possible to distinguish 
the sexes only by finding with a lens the transverse ridge between the last 
pair of walking legs which will become the annulus of the female. Males do 
not show this ridge but do show small buds which will become the first pair 
of pleopods. The chromatophores have arranged themselves in such a way 
that the characteristic dorsal pattern on the abdomen is clearly established. 
This pattern is lost when the young are placed in a white vessel and regained 
when placed in a dark colored vessel. It was noted that when one died in the 
white vessel the characteristic pattern quickly returned. 

The young in this stage are not considered dependent because they do 
not have the attachment with the cast skin and they leave the protection of 
the temale from time to time. During the first day or two they only leave 
the pleopods for a short time and then return. These excursions gradually 
become longer and, at the end of this stage, only a few young will be found 
upon the female at any one time. 


Fourth Stage Crayfish—The general appearance of this stage, like stage 
three, resembles that of the adult. Closer examination shows that the first 
abdominal appendages have not yet appeared. The ridge that is to become 
the annulus ventralis of the female is changed from the third stage. This 
ridge instead of being straight as it is in stage three is bending upon itself to 
form an oval but the median fossa has not yet appeared. The males have not 
yet acquired their first pair of pleopods. These are still represented by small 
conical buds, somewhat longer than those of stage three, but not yet differen- 
tiated enough to foreshadow the form revealed in the following stage. This 
fourth stage endures through eight to twelve days. 
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Fifth State Crayfish_—_This is a stage of great change. The annulus ventral- 
is acquires the median fossa and its appearance is like that of the adult, 
differing only in size. The gonopods of the male appear for the first time in 
this stage. These are in the juvenile form which Van Deventer (1937) first 
describes for C. propinquus. The juvenile form is most easily identified by the 
presence of a visible suture between the protopodite and the exopodite and 
endopodite. This condition persists through several succeeding molts, the 
exact number of which is not known because of difficulties encountered in 
rearing enough specimens in isolated containers. The juvenile stage of the 
gonopods is shown in the photograph with first and second form gonopods 
(Plate 1, Fig. 4). 


SUBSEQUENT Mo tts DurRING THE SUMMER 


Although a few crayfish were reared in isolation beyond the fifth stage, 
none of the males lived long enough to pass through the juvenile state. Two 
males reared in isolation survived the eighth molt and still had juvenile form 
gonopods. It is not known how many molts occur before this condition is 
changed. It is very difficult to get satisfactory information on the number of 
molts and amount of growth taking place at each molt. Those specimens 
teared in isolation in aquaria grew much slower than those in the ponds and 
are not regarded as a true index of growth in nature. The possibility of 
marking specimens was considered but no system was found which would last 
through ecdysis. It is, therefore, necessary to confine the discussion to general 
observations. 


INCREASE IN RANGE OF SIZE 


There is apparently quite a variation in the growth rate of individuals as 
indicated in range of cephalothorax length throughout the summer. The 
young of the first three stages are all nearly the same size but after the first 
molt of free living young the size range begins to spread and this spreading 
continues throughout the summer. The cephalothorax length ranged from 3 
to 7 millimeters on May 27, 1937, and on September 21, 1937, the cephalo- 
thorax length of the yearling group ranged from 13 to 29 millimeters. 


TasLe 3.—Growth of Young Through First Summer. 


Average Cephalothorax 


Date Weight of 100* length 

1937 (grams) (millimeters) 
20.90 990 + 1.460 
17 ......313.80 23.721 + 3.660 


* The weights in this table are presented graphically in Fig. 2 to give a growth 
curve for the first summer. 
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Molting and growth cease in late August or early September and are not 
resumed until about the middle of April the following spring. 


Growth of the Yearling Group 
RESUMPTION OF GROWTH IN SPRING 


Molting of Males and Immature Females——The resumption of growth 
occurs about the midde of April when the males and immature females molt. 
This is about a month before egg hatching time and ovigerous females do not 
participate. This spring molt is very general and takes place in a short space of 
time. The changes that take place after this molt vary with the size of the 
crayfish. The few larger males which were first form before this molt now 
become second form. There will be a few males that become first form, and 
the remainder will continue in the juvenile state. 

Molting of Adult Females —The general molt of mid-April is not partici- 
pated in by the adult females which are in berry at this time. If the adult 
females participated in this molt, it would result in the total loss of the eggs. 
The eggs hatch about mid-May and the young remain dependent for a week 
or more which makes the least lag in time of molting of females about five 
weeks. It generally runs more than that since the females do not molt directly 
after the young leave; therefore, the molt starts late in May and lasts about 
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two weeks. This five or six week lag in the molting of adult females is regarded 
as a significant length of time since some of those participating in the first 
molt have already completed a second molt, particularly the smaller individu- 
als. The mechanism producing this lag in the spring molt of ovigerous females 
should constitute an interesting subject for investigation. Yonge (1937) 
regards it as regulation by hormones. 


SUMMER MOLT OF THE YEARLING GROUP 


The summer molt of the yearling group is much less pronounced than the 
mid-April molt, nevertheless there is a noticeable period of molting beginning 
about the last week of June. It reaches its maximum in mid-July and tapers 
off until early August. The majority become first form at this time. The 
smaller individuals of the yearling group, however, must undergo at least one 
other molt before becoming sexually mature. Those males which became first 
form at the time of the mid-April molt become second form at the summer 
molt. These are exceptions, however, and by far the majority are first form 
and sexually mature since it is this group of males that participate in the 
mating season which follows this summet molt. 


MATURITY 


The majority of individuals of this species in the vicinity of Ithaca, New 
York, become sexually mature shortly after the beginning of their second year 
of life. A few of the larger individuals become mature at the end of their 
first summer’s growth. The smallest female bearing eggs taken was 22 mm. 
cephalothorax length. This was the only one of that length found with eggs, 
but many of the 23 mm. cephalothorax length have been taken. Since the first 
summert’s growth will produce length up to 29 mm., it is assumed that those 
first summer young of 22 mm. or more may be mature. Those not reaching 
this length, pass the winter as juveniles and participate in the mid-April molt 
when a few of the males become first form. The majority remain juvenile 
until the following (summer) molt. This makes about a year and two months 
between hatching and sexual maturity. 

The fate of those that become mature at the end of their first summer is 
not known. The males apparently molt at the same time as the adult year- 
lings, but whether they survive to reproduce a second time is not known. It is 
possible that they do survive since each year there are a few very large indi- 
viduals, particularly females, which attain a cephalothorax length of from 35 
mm. to 45 mm. This will be discussed further under mortality of the females. 


MortTALity AMONG ADULTS 


Adult Males.—There is a noticeable mortality among the larger first form 
males following the breeding season. The great majority of dead crayfish taken 
from the ponds during August and September are first form males. This 
mortality appears to be from old age since post mortem examination of many 
of these has failed to show any pathological condition which might be respon- 
sible. Furthermore, if it were a pathological condition one would expect it to 
attack males and females, young and adult alike. This condition was noted 
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by others, Chidester (1912) and Ortmann (1906), and has been considered b 
an adaptation for conserving food for the ovigerous females. A very few males dl 
do, however, survive the winter and die about the time of the spring molt. “ 
Whether this mortality continues throughout the winter is not known since the b 
ponds are covered with ice through most of the winter and observations could 
not be made. 
Adult Females——The mortality of adult females is most outstanding f 
during and following their spring molt. There is a lesser period of mortality i 
shortly before the egg laying period in the fall but relatively few die at this ( 


time. The spring mortality claims nearly all of the adults. A few do survive, 
however, as is shown by the presence of some very large females during the 
egg laying period. These large females are from 35 mm. to 45 mm. cephalo- 
thorax length. It is not known whether these represent those females that 
became mature at the end of their first summer or whether they are some that 
live to three years of age. No males, and only a few females, have been found 
to reach this large size. These large females die shortly after the young are 
hatched in the spring. They are only found in the fall after the last molt and 
in the spring with eggs or young. None have been found during the summer. 
They are apparently very secretive since none have been taken except from 
burrows. 


Propagation and Production 


STATUS AS A FoRAGE ANIMAL 


One of the principal considerations throughout this study has been the 
economy of this species in the ponds. The crayfish is known to be an impor- 
tant item in the diet of such fishes as bass, bullhead, and trout. Observations 
on both Large- and Small-mouthed Black Bass show that they eat C. immunis 
readily. The brood stock of both Large- and Small-mouthed Bass were given 
occasional feedings of live crayfish to supplement the diet of artificial food. 
The crayfish were captured in ponds where no predatory fish were kept and 
thrown into the bass brood pond a handful at a time after the fashion of 
introducing artificial food. Crayfish offered in this way were taken readily and 
repeatedly. 


Characteristics Favorable to Production.—The ease with which this species 
can be produced in ponds is one of its outstanding characteristics. A few 
specimens were introduced into the ponds of the Cornell University Experi- 
mental Fish Hatchery a few years previous to the beginning of this study. 
From these few specimens has come the huge population now present in all 
the ponds. This increase took place in spite of the presence of fish. 

This species affects a direct conversion of plant food to animal tissue as 
indicated by stomach analysis and direct observations on feeding habits. This 
is a favorable trait in any forage animal since it indicates a minimum of 
competition with the predatory carnivore for which it is being grown and a 
more efficient conversion of plant material into animal flesh. 


There is no indication that this species of crayfish has in any way damaged 
the pond. Although this species to thought of as a burrowing species, it resorts 
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to burrows only in periods of adversity. During the past five years there has 
been no damage to the ponds occasioned by crayfish. It is, therefore, unlikely 
that any serious damage will result from burrowing of this species in ponds 
when the water level is maintained. Harris (1901) expresses the opinion that 
burrows are resorted to only during periods of drought. 

Characteristics Limiting Their Use as a Forage Animal.—The reproductive 
capacity is low when compared to minnows, yet they have maintained their 
population. This is also compensated for by the relatively large size of the 
individual as compared to other ctustacea commonly grown for fish forage. 
Contributing also to the low reproductive capacity is the fact that there is but 
a single brood per year. 

The early period of hatching connected with its relatively rapid growth 
tends to render this species unavailable to such fishes as Large- and Small- 
mouthed Bass and the Bullhead all of which hatch later than the crayfish. 
Under favorable conditions, however, all three of these species will grow 
large enough to consume the young crayfish by the first part of August. 

Aside from consideration as a forage aniinal C. immunis is reported by 
Turner (1926) as being detrimental to agriculture. He writes that this species 
builds chimneys which interfere with mowing grass in the low lands of the 
Mississippi River. 

Foop STUDIES 


A wide variety of plant and animal materials were proffered to crayfish 
kept in aquatia to ascertain whether any preference was shown in choice of 
foods. The foods tested are tabulated below in order of preference as observed 
in aquaria. 


Potamogeton 
Vallisneria 


Elodea (Anacharis ) Shrimp bran (ground dried shrimp) 
Filamentous algae gold fish] 
Potamogeton fish eggs) 


Direct observations were made on feeding crayfish in the ponds to gain 
further information on the feeding habits of this species. Excepting upon the 
young of the first summer, all observations were made at night. The most 
frequently observed feeding activity was that of scraping algal growth from 
stones and pebbles of the pond bottom. Eating leaves of terrestrial plants that 
had lopped over into the pond was also noticed. This observation led to the 
procedure of using grass cut from the pond banks to fertilize the ponds. This 
grass would float near the surface for one to three days, and crayfish could 
regularly be found feeding upon these rafts of hay. Aquatic vascular plants 
are widely used for food particularly by the young. Artificial fish food that 
had dropped to the bottom was eaten by many crayfish. Upon one occasion, a 
crayfish was seen eating another crayfish which was in a soft shelled state. 

In only one instance was a crayfish seen eating a fish in the ponds. When 
the ponds are drained, however, and the fish are picked up in a net, the cray- 
fish frequently seize the fish in their chelipeds and pinch them to death. This 
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is believed to be a defense mechanism since, in their excitement, they may 
seize anything in their way. Furthermore, under these circumstances, they do 
not eat the fish. Lydell (1938) reports similar experiences with C. immunis: 
Langlois (1935) says the same of C. rusticus. 

In ponds with a dense population of Daphnia, crayfish were seen moving 
rapidly about the bottom as if preparing to seize something. This activity was 
first interpreted as catching Daphnia but upon closer observation it was decided 
that this was not true. During this time, the crayfish carried their chelae in an 
offensive position which suggested the following explanation. The movements 
of the Daphnia in the water cast shadows upon the eyes of the crayfish and 


alarmed them. However, at times, crayfish do eat Daphnia as evinced by 
stomach analysis records. 


Analysis of Stomach Contents.—The direct observations on feeding habits 
were supplemented by analyses of stomach contents at intervals through the 
summer. No stomachs were examined between October 15 and April 20 since 
crayfish are nearly all in burrows during this period and the ponds are covered 
with ice for a large part of this time. 

The analysis of the stomach contents was complicated to some degree by the 
fact that crayfish cut their food into small pieces. The smaller organisms were 
usually recognizable but plants were not often identifiable, except as plant 
tissue, and are referred to as “plant fragments.” 


Analysis was made of contents of individual stomachs during the summer 
of 1936. The relative amounts of materials were estimated by separating each 
variety on a slide then placing this slide upon millimeter cross section paper 
under the low power of a binocular microscope. The similarity of contents 
from different stomachs led to the method used during the summer of 1937. 

During the summer of 1937, the contents of 10 to 50 stomachs were 
pooled (Table 4). The material was then identified and the percentages 
estimated as described for 1936. Diatoms and rotifers were found in all! 
instances but are not recorded, since they were evidently taken in accidentally 
with the vegetable matter. The rotifers were frequently still attached to the 
plant fragments. 


PRODUCTION 


The need and desirability of crayfish propagation was anticipated as early 
as 1906 (Andrews 1906b). Our emphasis is not increased consumption as 
human food, as he suggested, but the great demand for fish bait by fishermen. 
They not only command a handsome price at bait dealers, usually five cents 
each in this region, but frequently are not available. These facts, connected 
with the increased disposition on the part of the Conservation Departments 
of many states to discourage taking bait from public waters, constitutes a 
pressing need for knowledge of methods of propagation. 

It appears, from limited observation, that this species is usually found in 
large numbers in its preferred habitat. Herrick (1881), Forbes (1876), Hay 
(1896) and Harris (1901) all report C. immunis as being very abundant in 
shallow, muddy, and weedy ponds and pools. Lydell (1938) is the first to 
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give production figures for this species. He gives the production in pounds for 


a Michigan pond (Belmont pond No. 1) of 4.35 acres for 1935, ’36 and ’37, : 
The writer, to compare yields, has reduced Lydell’s figures to pounds per a 
acte. They are as follows: 1935—694 pounds per acre; 1936—689 pounds per tf 
acre; 1937—811 pounds per acre. These productions compare favorably with i“ 
those given by Langlois (1935) for C. rusticus in Ohio, but are higher than 
those of the Ithaca Hatchery (Table 5). 

The four ponds for which production data are given should be described ; 
in some detail to give a picture of the difference in habitat, type of food, and Z 
management. 


TasLe 5.—Crayfish Production for Four Ponds at the Cornell University 


Experimental Fish Hatchery. 
Calculated Weight 


Weight Per Acre Basis 

Year Number (grams) (pounds) | 

Pond D | 

1935 2741 4879 8834, | 
1936* 1873 4177 76 


1937 2130 


5670 


Earthen Daphnia Pond No. | 


1427 3101 A 
1936* 327 829 6814 
1204 1843 


Earthern Daphnia Pond No. 2 


835 1369 
365 743 


Earthern Daphnia Pond No. 3 


1935 492 900 
1936* 508 563 4632 


* There is a marked decrease in production of all ponds in 1936. The only single 
factory affecting all of them was the flood of July 1935. This flood necessitated the 
draining of all the ponds. This disturbance of the habitat, in all probability, interfered 
with the mating season, food supply, and growth of the population. 


Pond D has an area of 5280 square feet surface area when the pond is 
filled. It is of considerabley different construction from the three Earthen 
Daphnia ponds. It runs to a depth of four and one-half feet at the outlet. 
Approximately two-thirds of the area is feeding shelf with a water depth of 
about two feet. The bottom is of gravel with a layer of silt from one-half inch 
to five inches in depth. A small flow of water is maintained through this pond 
at all times. The flow is sufficient to make fertilizing impractical. There is no 
rooted vegetation, although there is some filamentous algae. During 1935 Chub 


i 
10314 
1936* 6114 
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Suckers were grown in this pond and were fed a food mixture of cottonseed 
meal, soy bean meal, fish meal, shrimp bran and barley flour three times 
weekly. In 1936 it contained Calico Bass or White Crappie which were fed 
the same food mixture plus hay. In 1937 it contained European Tench which 
were fed the same food. 


Earthen Daphnia ponds 1, 2, and 3 are all of the same surface area—1166 
square feet—when full. They are all clay bottomed ponds with about two 
inches of silt on the clay. They run to one and one-half feet at the deepest 
part. The ponds are run stagnant. The inlet boxes are so arranged as to allow 
only enough water to enter to keep the level of the pond at the desired depth 
without any current through the pond. 


Earthen Daphnia pond number one has no rooted vegetation. The 1935 
yearling Chub Suckers were kept in this pond, and it was fertilized with hay 
and cottonseed meal at two week intervals. In 1936, this pond contained Pearl 
Roach until mid-August, then it contained Common Bullhead breeders for a 
period of six weeks when the ponds were finally drained. It was fertilized with 
hay at two week intervals. In 1937, no fish were kept in this pond at any time. 


Earthen Daphnia pond number two, like number one, has no rooted vege- 
tation. In 1935, this pond contained Chub Sucker yearlings, and was fertilized 
with hay and cottonseed meal at intervals of two weeks. In 1936, this pond 
was used for rearing Blunt Head Minnows and was fertilized at two week 
intervals with hay and cottonseed meal. This pond was not used in 1937. 


Earthen Daphnia pond number three differs from numbers one and two in 
that it has a small amount of rooted aquatic vegetation (Anacharis). In 1935, 
this pond was used for rearing Blunt Head Minnows which were fed three 
times weekly with fish food consisting of cottonseed meal, soy bean meal. 
shrimp bran, fish meal, and barley flour. Some of this food, no doubt, was 
not eaten and functioned as a fertilizer. In 1936, this pond contained no fish, 
but was used to rear another decapod, Palaemonetes exilipes. It was fertilized 
at two week intervals with hay alone. In 1937, this pond was not used for 
crayfish propagation. 


NATURAL ENEMIES 


Crayfish, like nearly every other animal, are subject to the depredations of 
parasites and predators. Little definite information is available for any one 
species. 


Many vertebrates have been recorded as predators on crayfish, but rarely 
has the species of crayfish found in their stomachs been recorded. This, no 
doubt, is explained by the state of confusion prevailing in the taxonomy of the 
genus. Those predators which have been reported as eating crayfish in the 
Northeastern states can best be listed under their classes as follows. 
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Common Name Technical 


Name 


Authority 


Common sucker ...........-....--Calostomus commersonii Si 
Nocomis micropogon 

Leucosomus corporalis 

Horned dace Semotilus atromaculatus 

Channel catfish —.......... ....../ctalurus punctatus 


Yellow catfish ...... 
Common bullhead 
Chain pickerel 


..Ameiurus natalis 


Small-mouthed bass ............Micropterus dolomieu Creaser 
Large-mouthed bass ............Aplites salmoides Pearse 
Bluegill sunfish macrochira 
Burbot Lota maculosa 


AMPHIBIANS 


Hell bender 


...Crvptobranchus alleganiensis 


REPTILES 


Water snake 


Natrix sipedon Pearse 
Painted turtle Chrysemys_ picta Pearse 


Birps 


Great blue heron ...... -Ardea herodias ....-.--Hunter 
Green heron virescens Tack 
Black crowned night heron.... Nucticorax nycticorax ..... 
Bronzed grackle --Quiscalus quiscalus aeneus 


MAMMALS 


Raccoon .-Procvon lotor lotor 


... Turner 


The list of birds and mammals is, no doubt, far from complete. In all 
probability many more of the wading and shore birds take crayfish when they 
are available. The so-called dabbling ducks also probably take crayfish. 
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Conclusions 


1. C. immunis shows a preference for quiet water, with muddy bottoms 


and vegetation. 


2. C. immunis is especially tolerant of low oxygen, sulphite pollution, and 


turbidity. 
3. The young, during their first summer, are diurnal and may be found 


at all times well up in the aquatic vegetation. In ponds, without rooted 
aquatic vegetation, they remain in shallow areas. 


4. The adults are nocturnal. 


5. The is a considerable amount of migration from pond to pond over 
the banks. 


6. The mating season extends from mid-July to early October. The great- 
est mating activity takes place during late August. 


7. Females are very excitable and secretive for a period of four or five 
days previous to egg laying. They clean the growths of algae and foreign 
materials from the ventral surface of the abdomen during this period. 


8. C. immunis spawns during late October or early November and carries 
the eggs over winter on the pleopods. 


9. The eggs hatch into first stage young about May 15th, each year 


varying with the temperature. 


10. The young spend two dependent stages attached to the maternal 
pleopods. 


11. The third stage is independent, although the young spend much time 
with the mother. 

12. The young grow rapidly the first summer to a length of 13-29 mm. 
cephalothorax length by late September when the majority cease to molt and 
grow. 

13. Females which grow to a cephalothorax length of 23 mm. during the 
first summer’s growth may produce eggs at the age of five and one-half or 
six months. 


14. Males which grow to a length of 20 mm. during their first summer 
may become first form and mate at the end of their first summer. 


15. The majority of individuals do not reach maturity until the end of 
the second summer. 


16. There is probably a definite relation between the number of molts 
and size and maturity. 


17. There appears to be a regulatory mechanism governing ecdysis of 
females bearing eggs. 
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18. There is a period of quiescence from about mid-November until late 
March or early April, depending on the temperature, during which no growth 


or ecdysis occurs. 


19. The normal life span of Cambarus immunis in this region is two years. 
A few individuals, chiefly females, may live to three years of age and produce 


a second brood of young. 


20. C. immunis was found to be compatible with pond management under 
circumstances prevailing at the Cornell University Experimental Fish Hatchery. 


21. C. immunis can be produced in large numbers in suitable inexpensive 
ponds thus lending itself to utilization for bait and forage purposes. 
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Pirate 1: Fig. 1.—A dorsal view of C. immunis. Fig. 2——Ventral view of a female 
C. immunis showing attached eggs. Fig. 3.-Enlarged view of venter of female C. 
immunis showing oviduct openings (0), and annulus ventralis (A) or sperm receptacle. 
Fig. 4—Modified first abdominal appendage of male, (pleopod or gonopod) juvenile 
form. Fig. 5.—Mbodified first abdominal appendage of male, form 1. Fig. 6.—Modified 


first abdominal appendage of male, form 2. 
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Piate 2: Fig. 1—Second stage young of C. immunis showing antennae directed 
anteriorly and the presence of chromatophores. Fig. 2.—A cast skin of the first stage 
young showing how it remains attached to the egg stalk. Fig. 3.—First stage young of 
C. immunis showing attachment to egg stalk, cast embryonic envelope at end of telson, 
and concealed antennae which are directed posteriorly between the legs. Fig. 4. 
“Chimney” or “tower” of C. immunis. This is the only one observed during this study. 
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On a New Species of Nymphon from the Waters 
of Southern California 


Joel W. Hedgpeth 


The species discussed in this paper was collected on the Crocker-Stanford 
Expedition of September 1938, but was overlooked when the Pycnogonids 
collected during that expedition were assembled for discussion in a previous 
paper (1939). Three specimens of this rather small and very delicate species 
were found clinging to the bases of some tunicates collected at Station 30, off 
Santa Catalina Island. I am indebted to Dr. George S. Myers of Stanford 
University for the privilege of studying these specimens. Dr. Isabella Gordon 
of the British Museum has generously consulted the types of Nymphon gracil- 
limum Calman at my request and I am glad to take this opportunity to 
acknowledge my indebtedness to her. 


Genus NyMPHON Fabricius 
Nymphon heterodenticulatum sp. nov. 
(Plate 1, Figs. a-h) 


Holotype 9, Stanford Natural History Museum no. 3215. 
Paratype 9, Stanford Natural History Museum no. 3216. 
Dissected paratype (9), in author’s collection. 


Type locality: Off Avalon, Santa Catalina Island, 32°23’ N, 118°20’ W; 
80 fathoms; bottom, dead and bleached corallines. September 17, 1938. 


Body slender, lateral processes separated by little more than their own 
width; neck two-thirds as long as trunk; proboscis as long as neck from above, 
slightly constricted at about its distal third. Eye tubercle just forward of first 
lateral processes, sharply pointed; eyes large but indistinct, in basal part of 
tubercle. Abdomen about as long as last trunk segment, slightly swollen in 
middle part, rounded at tip. Chelifores longer than proboscis, the scape reach- 
ing almost to the tip of the proboscis; chelae slender, curved, with 17 spinules 
on the immovable finger, 19 on the dactylus. Palpi slender, the first joint very 
short, the second and third about equal and two-thirds longer than the fourth 
and fifth, fifth joint slightly shorter than the fourth. Ovigers originating at 
base of neck just forward of first lateral processes, sparsely setose, fourth joint 
slightly longer than fifth, curved slightly outward, fifth joint straight, sixth 
about half as long as fifth; 39 denticulate spines on terminal segments; terminal 
spine almost as long as tenth joint, minutely serrate to lobed on distal half 
of the inner margin. Legs very slender, with scattered setae, auxiliary claws 
well developed; proportions of joints of third leg, in millimeters, as follows: 
035, 10, 0.5, 23, 38, 4.55, 10, 0.75. 
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Piate |. Nymphon heterodenticulatum sp. nov.: Figs. a. Dorsal view of holotype, 
20.5. b. Chela, paratype, 41. c. Front view of eye tubercle, x62. d. Oviger, paratype. 
x41. e. Terminal spine and portion of tenth joint of oviger, X285. f. Denticulate spines 
from oviger, *1500. g. Denticulate spines from oviger of N. gracillimum Calman (After 
sketches by Dr. Gordon). h. Tarsus, paratype, X41. All figures except c done with the 
aid of a camera lucida. Magnifications approximate. 
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A NEW NYMPHON FROM SO. CALIFORNIA 


Measurements 


holotype 


scape 
third leg 


abdomen 


This species, with its well developed auxiliary spines and first tarsal joint 
longer than the second, appears to be most closely related to Nymphon gracil- 
limum Calman (1915), an antarctic species, which it resembles in general 
appearance and proportions. It is about half the size of that species, however, 
and has but 17-19 spinules on the chela, whereas there are 27-33 spinules on 
the chela of N. gracillimum. There are 39 spines on the terminal segments of 
the oviger of Nymphon heterodenticulatum as compared to the 34 in N. 
gracillimum, and the denticules on these spines are quite different. There are 
generally two pairs of large denticules near the base of the spine and from one 
to three pairs of much smaller denticules toward the tip. According to Dr. 
Gordon, there were never more than three pairs of denticules on the type 
specimens of N. gracillimum which she examined for me. 


This species can be distinguished from the other two species of Nymphon, 
N. pixellae Scott=(N. solitarium Exline) and N. grossipes (O. Fabr.) = 


(N. turritum Exline), so far known from the Pacific Coast of North America 
by its much smaller size and delicate structure and by the small number of 
spmnules on the chelae. 
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The Immature Stages of Rivula propinqualis Gn. 


V. G. Dethier 


The immature stages of this small noctuid are of special interest since it 
is the only species in the genus Rivula in North America. As far as is known 
the larva and pupa of Rivula propinqualis have never been described. Crumb 
(1934) examined a single fragmentary larva of doubtful determination but 
gave no description. 


Last INSTAR LARVA 


Head height 1.8 mm.; head width 1.9 mm. Head light clear green. No 
dark pigmentation. Greatest width in the area of the ocelli and the base of the 
clypeus. Clypeus triangular, one fourth longer than wide. Adfrontals very wide 
and extending a considerable distance dorsal to the apex of the clypeus. Dorsal 
part of frons shorter than length of clypeus. Six ocelli. Lens of first not well 
defined. Lens of third large and well defined. First slightly separated from 
second, third, and fourth. Fifth and sixth well separated from rest. P!-P! 
slightly less than two thirds as great as P?-P? (Plate 1, Fig. 1). P! nearer 


Fig. 1. Pupa of Rivula propinqualis. Lateral view. 


median line than L!. P! considerably dorsal to L1. Adf? nearly equidistant 
from P1 and Adf!. Adf! directly mesad of L!. A® almost directly laterad 
of Fl. El and E? close to and almost mesad of A2. A2, A®, and O2 form 
an obtuse angle. O1 equidistant from third and fourth ocelli. P!, P2, L1, O2, 
and Adf? of nearly equal length and longer than the other hairs of the head. 
Longest about 1.3 mm. in length. All microscopically serrate. Surface of head 
smooth except for a wide open network of irregular rugosities dividing the 
capsule into many small polygonal areas approximately 0.1 mm. in diameter 
(Plate 2, Fig. 6). This reticulation is restricted to the parietais except for the 
region of the ocelli. Absent on the clypeus which is smooth. No secondary 
kairs on head. Notch of labrum very shallow. Spinneret short and blunt. 


Body length 13 to 15 mm. Body clear green. No dark pigmentation. No 
secondary hair. Longest body hairs 3 mm. in length. Situated anteriorly. Aver- 
age 1.5 to 2 mm. Shortest .12 to .25 mm. All hairs above subventral fold micro- 
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Pate I: Fig. 1. Head of the last instar larva of R. propinqualis. Front view. P1, 
P2 posterior setae; L1 lateral seta; Adf1, Adf2 adfrontal setae; F1 frontal seta; 
E1, E2 epistomal setae; Al, A2, A3 anterior setae; O1, O2 ocellar setae; I, II, III, 
IV ocelli; C clypeus; Ad frontals; Lb labrum; F frons. Fig. 2. Distal end of the 
prothoracic leg showing the arrangement of the setae. Fig. 3. Posterior view of the tenth 
abdominal segment. Sas subanal setae. 
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Piate 2: Fig. 1. Pupa of R. propinqualis. Dorsal view. Fig. 2. Same. Ventral 
view. Fig. 3. Larval antenna of R. propinqualis. Fig. 4. Sensillum basiconicum of an- 
tenna. Fig. 5. Ventral view of cremaster. Fig. 6. Detail of rugose reticulation on head 
cepsule of larva. 
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scopically serrate. Integument microscopically granular. Granules spherical. 
Body cylindrical. Abdominal segments about equal width throughout. Legs 
normal. Hind coxae somewhat separated. Tarsi and pretarsi long and tapering 
(Plate 1, Fig. 2). Legs and prolegs very light green to whitish. Prolegs 
present on third to tenth abdominal segments inclusive. Crochets triordinal, 
arranged in an incomplete ellipse. Spiracles circular, not emarginate. Whitish 
green in color. Prothoracic spiracle ellipsoidal, about twice as large as abdom- 
inal spitacles. Body hairs (setae) acutely pointed, colorless, arising from large 
hair sockets, not surrounded by sclerotized areas. I and II nearly upright with 
their tips recurved slightly backward. I dorsal to II on all abdominal segments. 
Prespiracular tubercle on prothoracic segment bearing two setae. III not 
markedly different from I and II, slightly shorter and colorless but with 
microscopic serrations. IV posterior to spiracle on abdominal segments. Tuber- 
cle VI with a single seta. Anal shield not strongly declivous posterior to 
antero-dorsal tubercles. Subanal setae well separated (Plate 1, Fig. 3). 


The larva resembles Buckler’s (1901) figure of the last instar larva of 
Rivula sericealis. 


Pupa 
Length 9 mm. Clear grass green. Two narrow indifienite white longitudinal 
bands located para-dorsally. Faint brown lines on wing pads (Plate 2, Figs. 1 
and 2). Wing pads slightly darker green. Spiracles greenish and much lighter 
than remaining parts of body. 


This larva was found on its food plant, grass, on May 21. Its move- 
ments were slow and sluggish at all times. Pupation occurred on May 27. 


When about to pupate the larva spun a mat of silk on the upper side of a 
wide blade of grass. It then fastened several coarse strands of thread to the 
grass just in front of its head and extended them to a spot just posterior to its 
body. These strands were tightened so that the blade of grass bent and buckled. 
The larva pupated in this cradle, additional protection having been afforded by 
the strands of silk at the angle of the bend (Fig. 1). According to Buckler a 
similar condition occurs in R. sericealis. 


On July 7 the adult emerged, eleven days having been passed in the pupal 
stage. 
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The Tapeworms of Reptiles. Part |.* 


R. Chester Hughes, John R. Baker, and C. Benton Dawson 


To anyone extensively interested in the taxonomy of tapeworms the inesti- 
mable value of the monographs of Meggitt 1924, Fuhrmann 1932, and Walton 
1939, which deal comprehensively with the cestodes respectively of mammals, 
birds, and amphibians, is well known. The writers have felt that a similar 
treatise relative to the tapeworms of reptiles would fill an important gap in the 
literature, hence the present compilatory compendium prepared in two parts. 
Part II, according to present plans, will be published later and will contain an 
host catalogue, an index to the specific names of reptilian tapeworms, and a 


bibliography. 


The writers are grateful to Dr. Benjamin Schwartz of the United States 
Department of Agriculture for helpful suggestions concerning some of the 
literature used in the preparation of this article; they are also particularly 
indebted to Mr. Arthur Loveridge of Harvard College for a great deal of 
constructive comment relative to the synonymy of the scientific names of 
Squamata listed as hosts of tapeworms. 


A Key To THE PrincipAL Taxonomic Groups OF REPTILIAN CESTODES 


The statements used in this key are not necessarily valid for species, in the several 
groups concerned, which have not (so far as we know) been reported from reptilian 
hosts. 


1. Monozoic—each individual with only one set of reproductive organs; with 
glandular attachment apparatus but without a definite scolex; larva with glan- 
dular cells that open to exterior and 10 hooklets.........................- subclass CEs- 
TODARIA, order AMPHILINIDEA, family AUSTRAMPHILINIDAE, genus Austramphilina. 


Polyzoic—with strobila usually more or less distinctly divided into proglottids 
each of which has one or more complete sets of reproductive organs; with a 
definite scolex with attachment structures but no glandular apparatus; larva of 
simple structure without glandular cells and with only 6 hooklets 


Cestopa 2 


. Scolex provided with proboscides; present in reptiles only occasionally as larvae 
of more or less uncertain relationships Liccsecnindentnenpevinintncniaanseianmegncs-iol order TETRA- 
RHYNCHIDEA, family TENTACULARIIDAE, genera Tentacularia and Tetrarhynchus. 


Scolex without proboscides.. 


. Scolex with 4 bothridia or acetabula 


Scolex with only 2 bothridia 


. Vitellaria follicular and 


Vitell; TETRAPHYLLIDEA 5 
itelline gland 


order CYCLOPHYLLIDEA 11 


* Contribution No. 81 from the Zoological Laboratory, Oklahoma Agricultural 
and Mechanical College. 
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.Scolex with simple muscular suckers; vitellaria in medullary parenchyma............ 
family PROTEOCEPHALIDAE, genus Proteocephalus. 

Scolex with more or less elaborate bothridia; vitellaria in cortical parenchyma...... 

family PHYLLOBOTHRIDAE, genus Phyllobothrium. 


Genital pores marginal.................... family TRIAENOPHORIDAE, genus Ancistrocephalus. 


.Scolex rudimentary and without well-defined bothria; strobila with but one 
family CYATHOCEPHALIDAE, genus Monobothrium. 


Scolex with well-defined bothria; strobila with numerous proglottids.................... 
family DipHYLLOBOTHRIDAE 8 


. Present only as larvae in reptiles, genus Diphvllobothrium and collective 


group Sparganum. 


. Scolex without a terminal sucker-like organ..... eee 
Scolex with a terminal sucker-like organ.................-....- Sudeatia genus is Scyphoc ephalus. 


. Bothridia tubular, each with an anterior and a posterior pore.......... genus Bothridium. 
Bothridia funnel-shaped and without posterior pores..... genus Duthiersia. 


. Scolex unarmed 


. Scolex with unarmed rostellum.................... 


. Proglottid with single set of reproductive organs...................-..++--:---2+-0+0--+- 
Proglottid with double set of reproductive organs...... family DILEPIDIDAE, 
genus Pancerina. 


Strobila cylindrical; segmentation indistinct.................... family NEMATOTAENIDAE 16 


. Genital pores family ANOPLOCEPHALIDAE, genus Oochorislica. 


Genital pores median; present only as larvae in reptiles... 
family genus Mesocestoides and collective group 7 etrathyridium. 


. Proglottid with only | testis and 2 parauterine organs................ genus Cylindrotaenia. 
Proglottid with 2 testes and numerous parauterine organs.............. genus Nematotaenia. 


. Nongravid uterus reticulate or sac-like but not a simple longitudinal canal which 
later develops lateral branches........ family Dicepipipae 18 


Nongravid uterus a simple longitudinal cana! which later develops lateral 
family TAENIDAE, genus Taenia (listed for reptiles only as species inquirendae). 


Proglottid with a single set of reproductive organs.................--2.-..20.0-2c0000eeeeeeee-e 
Proglottid with a double set of reproductive organs............ subfamily Dipyuipunae 19 


. Gravid uterus broken up into capsules each with several eggs.......... g 
Gravid uterus broken up into capsules each with a single egg... reas 20 


20. Anterior hooks of rostellum large, each provided with distinct blade, guard, and 


Rostellar hooks all small and of rose-thorn shape .....genus Joveuxiella. 
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The Species of Reptilian Tapeworms in Systematic Outline 


In general the scheme of classification used in this section is that of Joyeux and 
Baer 1936. The writers did not include descriptions of the various taxonomic categories 
since these are readily available in the references cited. 


Phylum PLATYHELMINTHES Claus 1880 
Class Rudolphi 1808 
Subclass CestopariA Monticelli 1892 
Order AMPHILINIDEA Poche 1922 
Family AUSTRAMPHILINIDAE Johnston 1931 
Genus AUSTRAMPHILINA Johnston 1931 


Synonym: Kosterina Ihle and Ihle-Landenberg 1932. 
Austramphilina elongata Johnston 193i.—From Chelodina longicollis in Australia. 


Austramphilina kuiperi (Ihle and Ihle-Landenberg 1932) nobis.—Kosterina k. I. and 
[.-L. 1932. From Chelodina longicollis in Avstralia. 


Subclass CESTODA Carus 1855 
Order TETRARHYNCHIDEA Olsson 1893 
Family TENTACULARIDAE Poche 1926 
Genus TENTACULARIA Bose 1797 


According to Joyeux and Baer 1936 synonyms of Tentacularia include Stenoboth- 
rium Diesing 1850, Abothros Welch 1876, and Pierretia Guiart 1927. 


Tentacularia coryphaenae (Rudolphi 1809) Diesing 1850.—Echinorhynchus c. R. 
1899, Tetrarhynchus c. (R.) Vaullegeard 1899; Tetr. appendiculatus R. 1809, Steno- 
bothrium appendiculatum (R.) D. 1850; Bothriocephalus bicolor Bartel in von Nord- 
mann 1832, Rhynchobothrius b. (N.) Dujardin 1845, Tetr. b. (N.) Wagener 1854, 
Tetrarhynchobothrium b. (N.) Diesing 1850; Tent. boscii von Siebold 1850; E. conicus 
Zeder 1803; Echinococcus corollatus Mayer 1842; Tetrarhynchus cysticus M. 1842, 
Tent. c. (M.) v. S. 1850; > Tetrarhynchus testudinis Meyer in V. 1899; Echinor. hip- 
puris Z. 1803; Tetrarhynchus macrobothrius R. 1819, S. macrobothrium (R.) 1850; 
Tetrarhynchus morhuae R. 1809; Tetrarhynchus papillosus R. 1809; Tent. pelamidis 
R. 1809; Echinor. quadrirostris Goze 1782, Tetrarhynchus q. (G.) V. 1899, E. q 
gadimorrhuae Viborg 1795; E. quadricornis Bosc 1797—lapsus. Adults in Selachii. 
larvae in many fishes and Caretta caretta and Chelonia mydas in Europe. Recent account 


—Joyeux and Baer 1936. 


Genus TETRARHYNCHUS Rudolphi 1809 


Tetrarhynchus incognitus sp. dub. Meggit 1931.—A larva from Cerberus rhynchops 
in Burma. 


Tetrarhynchus sp. Shipley 1903.—A larva from Enhydrina schistosa in Siam. 


Tetrarhynchus sp. Meggit 1927.—A larva of uncertain generic position (Southwell 
1930) from Cerberus rhynchops in India. 


“Tétrarhynque” of Dollfus 1935.—Larvae “reéncapsulées” in Osteolaemus tetraspis. 


Order TETRAPHYLLIDEA Carus 1863 
Family ProTEocEPHALIDAE La Rue 1911 
Genus PRoTEOCEPHALUS Weinland 1858 


Synonyms from Woodland 1925 and Meggitt 1927a: Ichthyotaenia Lénnberg 1894, 
Corallobothrium Frisch 1886, Crepidobothrium Monticelli 1900, Crepibothrium Fuhr- 
mann 1899, Acanthotaenia ven Linstow 1903, Choanoscolex La Rue 1911, Ophio- 
laenia La Rue 1911, Ophidotaenia Beddard 1913b, Solenotaenia Beddard 1913a. 
Goezeella Fuhrmann 1916, Gangesia Woodland 1924, Batrachotaenia Rudin 1917. 
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Proteocephalus amphiboluri (Nybelin 1917) nobis——Crepidobothrium a. N. 1917. 
Crepidobothrium adiposa (R.) Meggitt 19272. From Bitis arietans in Cameroons. 


Proteocephalus agkistrodontis Harwood 1933. From Agkistrodon piscivorus in Texas. 


Proteocephalus amphiboluri (Nybelin 1917) nobis—Crepidobothrium a. N. 1917. 
From Amphibolurus barbatus in Australia. 

Proteocephalus articulatus (Rudin 1917) Baer 1927a.—Acanthotaenia articulata R. 
1917, Crepidobothrium articulata (R.) Meggitt 1927a. From Varanus niloticus in 
South Africa. 

Proteocephalus barbouri (Vigueras 1934) nobis——Ophiotaenia b. V. 1934. From 


Tretanorhinus variabilis in Cuba. 


Proteocephalus beddardi Woodland 1925.—Crepidobothrium b. (W.) Meggitt 
1927a. From Varanus bengalensis in India. 

Proteocephalus birdi (von Ratz 1900) Johnston 1911.—Ichthyotaenia b. R. 1900. 
Acanthotaenia b. (R.) J. 1909, Crepidobothrium b. (R.) Meggitt 1927a. From Varanus 
sp. in New Guinea (R. 1900) and V. flavescens in India (M. 1933). 

Proteocephalus boae (MacCallum 1921) nobis.—Tetrabothrius b. M. 1921. From 
Constrictor constrictor in Brazil. 

Proteocephalus brevis (MacCallum 1921) nobis——Tetrabothrius 6. M. 1921. From 
Constrictor constrictor in Mexico. 

Proteocephalus calmettei (Barrois 1898) Railliet 1899.—IJchthyotaenia c. B. 1898, 
Taenia c. (B.) Parona 1901, Ophiotaenia c. (B.) La Rue 1911, Crepidobothrium 
calmetti Meggitt 1927a; J. raillieti Marotel 1898 and /. “racemosa” of Parona—La Rue 
1914. From Bothrops atrox in Martinique and Brazil—La Rue 1914. 


Proteocephalus congolensis (Southwell and Lake 1939) nobis—Ophiotaenia congol- 
ense S. and L. 1939. From Boaedon lineatus and B. olivaceus in Belgian Congo. 


Proteocephalus continuus (Rudin 1917) Baer 1927a.—Acanthotaenia continua R. 
1917, Crepidobothrium continua (R.) Meggitt 1927a, C. continuum (R.) M. 1927a. 


From Varanus niloticus in South Africa. 


Proteocephalus crotaphopeltis (Sandground 1928) Hudson 1934.—Ophiotaenia c. 
S. 1928. From Crotaphopeltis hotamboeia in Tanganyika. 


Proteocephalus elapsoideae (Sandground 1928) Hudson 1934.—Ophiotaenia e. S. 
1928. From Elapsoidea guentheri in Tanganyika. 


Proteocephalus elongatus (Fuhrmann 1927) nobis—Ophiotaenia elongata F. 1927. 
From “kleine Schlange” in Brazil. 


Proteocephalus faranciae (MacCallum 1921) Harwood 1932.—Taenia f. M. 1921. 


From Farancia abacura in New York Zoological Park and Texas. 

Proteocephalus fictus (Meggitt 1931) nobis.—Crepidobothrium fictum M. 1931. 
From Naja naja and Natrix beddomii in Burma. 

Proteocephalus fima (Meggitt 1927a) Southwell 1930.—Crepidobothrium f. M. 
1927a. From Natrix stolata in Burma. 

Proteocephalus fixus (Meggitt 1927a) Southwell 1930.—Crepidobothrium fixa M. 
1927a. From Natrix stolata in Burma. 

Proteocephalus flavus (Rudin 1917) nobis.—Ophiotaenia flava R. 1917, Crepido- 


bothrium flavum (R.) Meggitt 1927a, P. (O.) flava (R.) Harwood 1933. From 
Coluber sp. in Brazil. 
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Proteocephalus gabonicus (Beddard 1913a) Hudson 1934.—Ichthyotaenia gabonica 
B. 1913, Ophiotaenia gabonica (B.) Rudin 1917, Crepidobothrium gabonica (B.) Meg- 
gitt 1927a, P. gabonica (B.) Burt 1937. From Bitis gabonica in Africa. 


Proteocephalus gallardi Johnston 1911.—Ichthyotaenia g. (J.) Walton 1939, Acan- 
thotaenia g. (J.) Rudin 1917, Crepidobothrium g. (J.) Meggitt 1927a; J. sp. J. 1910; 
P. sp. J. 1911. From Denisonia superba, Notechis scutatus, Pseudechis australis, and 
P. porphyriacus in Australia—J. 1912. 


Proteocephalus gerrardii (Baird 1860) nobis.—Tetrabothrium g. B. 1860, Ichthyo- 
taenia g. (B.) Lithe 1898, Taenia g. (B.) Braun 1900, P. gerrardi Railliet 1899, 
Crepidobothrium g. (R.) Rudin 1917; Taenia eunectes Smith 1908 and Taenia “race- 
mosa”™ of Diesing 1850—La Rue 1914. From Constrictor constrictor, Bothrops jararac- 
ca, Eunectes murinus, and >? Liophis merremii in South America—La Rue 1914. 


Proteocephalus gracilis (Beddard 1913a) nobis.—Ichthyotaenia (Acanthotaenia) g. 
B. 1913a, A. g. (B.) Rudin 1917, Crepidobothrium g. (B.) Meggitt 1927a. From 


Varanus varius in Australia. 


Proteocephalus grandis (La Rue 1911) Harwood 1933.—Ophiotaenia g. La Rue 
1911, Crepidobothrium g. (La Rue) Meggitt 1927a. From Agbkistrodon piscivorus in 
United States. 


Proteocephalus hyalinus (Rudin 1917) nobis—Ophiotaenia hyalina R. 1917. P. 
(O.) hyalina (R.) Harwood 1933. From Coluber sp. in Brazil. 


Proteocephalus jararus (Fuhrmann 1927) nobis——Ophiotaenia jarara F. 1927. From 
Bothrops alternatus in Brazil. 


_ Proteocephalus japonensis (Yamaguti 1935) nobis.—Ophiotaenia j. Y. 1935. From 
Elaphe quadrivirgata and Natrix tigrina in Japan. 


Proteocephalus lachesidis (MacCallum 1921) nobis.—Tetrabothrius 1. M. 1921. 


From Constrictor constrictor in South America. 


Proteocephalus longmani (Johnston 1916) nobis.—Ophiotaenia |. J. 1916, Crepido- 
bothrium longmanni Meggitt 1927a, O. 1. (M.) Harwood 1933. From Aspidites melano- 


cephalus in Australia. 


Proteocephalus macrobothrius (Rudin 1917) nobis—Ophiotaenia macrobothria R. 
1917, P. (O.) macrobothrium (R.) Harwood 1933. From Micrurus corallinus >? in 
South America. 


Proteocephalus marenzelleri (Barrois 1898) Railliet 1899.—Ichthyotaenia m. B. 
1898, Ophiotaenia m. (B.) La Rue 1911, Crepidobothrium m. (B.) Meggitt 1927a. 
From Aghistrodon piscivorus in United States. 


Proteocephalus meggitti (Hilmy 1936) nobis—Ophiotaenia m. H. 1936. From 
Atheris chloroechis in Liberia. 


Proteocephalus mjobergi (Nybelin 1917) nobis.—Crepidobothrium m. N. 1917, C. 


mjorbi Meggitt 1927a. From Demansia psammophis in Australia. 


Proteocephalus monnigi (Fuhrmann 1924) Southwell 1930.—Ophiotaenia m. F. 
1924, Crepidobothrium m. (F.) Meggitt 1927a, Ichthyotaenia m. (F.) M. 1927a. From 
Crotaphopeltis hotamboeia in Pretoria (F. 1924) and from Natrix piscator and Holar- 
chus purpurascens in India (S. 1930). 


Proteocephalus naiae (Beddard 1913b) Woodland 1925.—Ophidotaenia n. B. 
1913b, Ophiotaenia najae Rudin 1917, Ophidotaenia n. (R.) R. 1917, Crepidobothrium 
n. (R.) Meggitt 1927a, P. n. (R.) M. 1931. From Bungarus fasciatus (per Joyeux and 
Houdemer 1928) and Naia tripudians (per Southwell 1930) in Asia. 
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Proteocephalus nankingensis (Hsii 1935) nobis.—Ophiotaenia n. H. 1935, Crepido- 
bothrium n. (H.) Meggitt 1940. From Zaocys dhumnades in China (H. 1935) and 
Homalopsis buccata in Burma (M. 1940). 


Proteocephalus nattereri (Parona 1901) Harwood 1933.—Ichthyotaenia n. P. 1901, 
Ophiotaenia n. (P.) La Rue 1911, Crepidobothrium natteri Meggitt 1927a. From Colu- 
ber sp. in Brazil. 

Proteocephalus niloticus (Beddard 1913a) Baer 1927a.—TIchthyotaenia nilotica 
Beddard 1913a, A. nilotica (Beddard) Rudin 1917, Crepidobothrium nilotica (Bed- 
dard) Meggitt 1927a. From Varanus niloticus in Africa. 


Proteocephalus nybelini (Hilmy 1936) nobis—Ophiotaenia n. H. 1936. From 
Coronella coronata in Egypt. 


Proteocephalus paraguayensis (Rudin 1917) Harwood 1933.—Ophiotaenia p. R. 
1917, Crepidobothrium p. (R.) Meggitt 1927a. From Coluber sp. in Paraguay. 


Proteocephalus perspicuus (La Rue 1911) nobis—Ophiotaenia perspicua La Rue 
1911, Crepidobothrium perspicua (La Rue) Meggitt 1927a; Taenia lactea Leidy 1855 
—Anderson 1935, O. I. (Leidy) La Rue 1911, C. lactea (Leidy) Meggitt 1927a. From 
Natrix rhombifera and N. sipedon in United States. Early life history—Herde 1938. 


Proteocephalus phillipsi Burt 1937—P. (Ophiotaenia) p. B. 1937. From Trimeres- 


urus trigonocephalus in Ceylon. 


Proteocephalus pigmentatus (vor Linstow 1907) Johnston 1911.—IJchthvotaenia 
pigmentata L. 1907, Ophiotaenia pigmentata (L.) La Rue 1911, Crepidobothrium pig- 
mentata (L.) Meggitt 1927a. From Psammodvnastes pulverulentus in Java. 


Proteocephalus punicus (Kholodkowski 1908) Hall 1910.—Taenia punica K. 1908, 
Ophiotaenia punica (K.) La Rue 1911, Crepidobothrium punica (K.) Meggitt 1927a, 
C. punicum (K.) M. 1927a. From dog (K. 1908) and Causus rhombeatus (per South- 
well and Adler 1923) in Africa. 


Proteocephalus racemosus (Rudolphi 1819) Railliet 1899.—Taenia racemosa Rud. 
1819, Ichthyotaenia racemosa (R.) Lithe 1898, Ophiotaenia racemosa (R.) La Rue 
1911, Crepidobothrium racemosum (R.) Meggitt 1927a; > T. colubri Rud. 1819—La 
Rue 1914. From Coluber sp. and Liophis merremii in Brazil (La Rue 1914) and from 
Natrix natrix in Italy (Joyeux and Baer 1936). Early life history—J. and B. 1933. 


Proteocephalus rhabdophidis Burt 1937—P. (Ophiotaenia) r. B. 1937. From 


Natrix stolata in Ceylon. 

Proteocephalus russelli (Beddard 1913b) nobis—Ophidotaenia r. 1913b, Ophio- 
taenia r. (B.) Rudin 1917, Crepidobothrium r. (B.) Meggitt 1927a. From Vipera 
russellii in Burma. 

Proteocephalus saccifer (von Ratz 1900) Baer 1927a.—Ichthvotaenia s. R. 1900 


Acanthotaenia saccifera Johnston 1909, P. s. (J.) J. 1911, Crepidobothrium s. ) 
Meggitt 1927a. From Varanus sp. in New Guinea. 


Proteocephalus san-bernardinensis (Rudin 1917) Harwood 1933.—Ophiotaenia s.-b. 
R. 1917, Crepidobothrium s.-b. (R.) Meggitt 1927a. From Helicops leopardinus in 


Paraguay. 


Proteocephalus shipleyi (von Linstow 1903) Baer 1927a.—Acanthotaenia s. L. 
1903, Crepidobothrium s. (L.) Meggitt 1927a. From Varanus salvator in Ceylon. 


Proteocephalus striatus (Johnston 1914) nobis.—Acanthotaenia striata J. 1914, 
Crepidobothrium striata (J.) Meggitt 1927a. From Lialis burtonii in Australia. 


Proteocephalus testudo (Magath 1924) nobis.—Ophiotaenia t. M. 1924, Crepido- 


é 


460 THE AMERICAN MIDLAND NATURALIST 


bothrium t. (M.) Meggitt 1927a, Ichthyotaenia t. (M.) Meggitt 1927a. From Amyda 
spinifera in Minnesota. Early life history—Magath 1929. 


Proteocephalus theileri (Rudin 1917) nobis——Ophiotaenia t. R. 1917, Crepido- 
bothrium t. (R.) Meggitt 1927a. From Naja haje in South Africa. 


Proteocephalus tidswelli (Johnston 1909) Johnston 1911.—Ichthyotaenia t. J. 1909, 
Acanthotaenia t. (J.) J. 1909, Crepidobothrium t. (J.) Meggitt 1927a. From Varanus 
gouldii and V. varius in Australia—Woodland 1925. 


Proteocephalus trimeresuri (Parona 1898) Railliet 1899.—Taenia t. P. 1898, Ich- 
thyotaenia t. (P.) Lithe 1898, Ophiotaenia t. (P.) La Rue 1911, Arynchotaenia 1. 
(P.) P. in La Rue 1914, Crepidobothrium trimesuri Meggitt 1927a. From Trimeresu- 


rus sumatranus in East Indies. 


Proteocephalus trionychinus (Lénnberg 1894) nobis——Tetrabothrium trionychinum 
L. 1894, J. t. (B.) Meggitt 1927a. From Amvda ferox in Florida. 


Proteocephalus varius (Beddard 1913a) Baer 1927a.—Ichthyotaenia varia B. 
1913a, Acanthotaenia varia (B.) Nybelin 1917, Crepidobothrium varia (B.) Meggitt 
1927a. From Varanus varius (per Beddard 1913a) and V. gouldii (per N. 1917) in 
Australia. 


Proteocephalus viperis (Beddard 1913c) Woodland 1925.—Solenotaenia v. B. 
1913c, Ophiotaenia vy. (B.) Rudin 1917, Crepidobothrium v. (B.) Meggitt 1927a. 


From “Lachesis alternans.” 
Proteocephalus woodlandi Moghe 1926.—From Varanus bengalensis in India. 


Proteocephalus zschokkei (Rudin 1917) nobis——Ophiotaenia z. R. 1917, Crepido- 
boihrium z. (R.) Meggitt 1927a. From Naja haje in South Africa. 


Proteocephalus sp. Johnston 1912.—From Pseudechis australis and P. mortonensis 
in Australia. 


Proteocephalus spp. Southwell 1922.—From Bungarus caeruleus and B. fasciatus 
in India. 


Proteocephalus sp. Southwell 1930.—Acanthotaenia sp. Meggitt 1926. From Bun- 


garus fasciatus in Burma. 


Proteocephalus sp. Southwell 1930.—Crepidobothrium sp. Meggitt 1927b. A larva 


from Holarchus purpurascens ir. Burma. 


Proteocephalus spp. Harwood 1932.—From Anolis carolinensis and Terrapene 
triunguis in Texas. 


Proteocephalus spp. Hudson 1934.—Ophiotaenia spp. Sandground 1928. From 
Boaedon lineatus and Thelotornis kirtlandii in Tanganyika. 


Proteocephalus spp. nobis.—Ichthyotaenia (Acanthotaenia) spp. Beddard 1913a. 
From Varanus niloticus and Varanus varius in Africa and Australia, respectively. 


Proteocephalus sp. nobis.—Ichthyotaenia sp. Beddard 1913b. From Aghkistrodon 


piscivorus. 
Proteocephalus spp. nobis——Crepidobothrium spp. Meggitt 1931. From Naja naja 
and Natrix beddomii in Burma. 
Family PHyYLLOBOTHRUDAE Braun 1900 
Genus PHYLLOBOTHRIUM van Beneden 1849 
Synonyms chiefly from Joyeux and Baer 1936: Monorvgma Diesing 1863, Trilo- 
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laria Olsson 1867, Crossobothrium Liaton 1889, Pelichnibothrium Monticelli 1889, 
aicodiclin Linton 1890, Calyptrobothrium Monticelli 1893, and Bilocularia Ober- 
steiner 1914. 


Phyllobothrium dipsadomorphi Shipley 1900.—From Boiga irregularis in New 
Britain. 


Order PsEUDOPHYLLIDEA Carus 1863 
Family CyATHOCEPHALIDAE Nybelin 1922 
Subfamily CaRYOPHYLLAEINAE Nybelin 1922 
Genus MonosotHriuM Diesing 1863 


Monobothrium serpentum von Linstow 1903.—From a snake in Siam. 


Family DipHYLLoBoTHRUDAE Lihe 1910 
Subfamily DipHyLLopoTHRUNAE Lihe 1910 
Genus BotHripiuM de Blainville 1824 


According to Meggitt 1924 Prodicoelia Leblond 1836 and Solenophorus Creplin 
1839 are synonyms of Bothridium. 


Bothridium ditremum (Leblond 1836) Joyeux and Baer 1927.—Prodicoelia ditrema 
L. 1836; Solenophorus obovatus Molin 1858, B. obovatum (M.) Sambon 1907. From 


Constrictor constrictor and Eunectes murinus in South America. 


Bothridium ornatum Maplestone and Southwell 1923.—From Morelia argus in 
Australia. 


Bothridium ovatum (Diesing 1850) Joyeux and Baer 1927.—Solenophorus ovatus 
D. 1850; S. labiatus Carruccio 1878. From Python sebae in Africa. 


Bothridium pithonis de Blainville 1828—Bothriocephalus pythonis Retzius 1830. 
Bothridium p. (R.) von Nordmann 1840, Botrynocephalus p. (R.) N. 1840; Bothridi- 


um laticeps Duvernoy 1833, Solenophorus |. (D.) Diesing 1850; Taenia d'un Python 
du Bengal Lamare-Piquot 1835; Dibothrium boae-tigridis Rudolphi in Creplin 1839: 
S. megalocephalus C. 1839, Bothridium megalocephalum (C.) Dujardin 1845; S. 
grandis C. 1839, Bothridium grande (C.) Duj. 1845; S. sp. C. 1846; S. megacephalus 
Dies. 1850, Bothridium megacephalum (Dies.) Dies. 1850; Bothridium arcuatum Baird 
1865. S. arcuatus (B.) Pavesi 1881. From Morelia argus, Python molurus, and P. reticu- 
latus in Asia and Australia. 


Bothridium pithonis minor Joyeux and Baer 1928.—B. p. parvum J. and B. 1927 
not B. parvum Johnston 1911. From Python reticulatus in Asia. 


Bothridium sp. Valenciennes 1850.—From Varanus niloticus. 
Bothridium sp. Meggitt 1931.—From Naja naja in Burma. 
Bothridium sp. Baylis 1933.—From Bungarus fasciatus in Java. 


Genus DiPpHYLLOBOTHRIUM Cobbold 1858 


Synonyms from Meggitt 1924: Fascia Spigel 1618, Platycercus Kiichenmeister 1855, 
and Dibothriocephalus Lihe 1899. 


Diphyllobothrium erinacei (Rudolphi 1819) Faust 1928.—Synonyms mostly from 
Chandler 1936 and Walton 1939 inter se: Dubium e. R. 1819; Dub. e.-europaei R. 
1819, Sparganum e.-e. (R.) Diesing 1854, Dip. e.-e. (R.) Joyeux, Baer, and Martin 
1933; Vermis (dubius) ranarum R. 1810—in part, Ligula ranarum Gastaldi 1854, Dip. 
r. (G.) Meggitt 1925; L. tritonis Leidy 1850; S. lanceolatum Molin 1859; L. pancerii 
Polonio 1860; L. reptans D. 1850, S. r. (D.) D. 1854, and Dibothriocepahlus r. (D.) 
Meggitt 1924—all in part, Dip. r. (D.) M. 1926, L. septans von Linstow 1902—Iapsus ; 
> S. affine D. 1854; Dibothrium decipiens D. 1850, Bothricephalus d. (D.) Railliet 
1866, Dibothrioc. d. (D.) Lithe 1899, and Dip. d. (D.) Gedoelst 1911—all in part; ? 
B. felis Creplin 1825 and Dibothrioc. f. (C.) Lithe 1899; > B. maculatus Leuckart 


| 
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1848 and Dibothrioc. m. (L.) Lithe 1899; L. mansoni Cobbold in Manson 1882, B. m. 
(M.) Blanchard 1888, Dibothrium m. (M.) Aricla 1900, S. m. (M.) Stiles and 
Taylor 1902, Plerocerccides m. (M.) Guiart 1910, Dip. m. (M.) Faust and Wassell 
1921, Dibothrioc. m. (M.) Manson-Bahr 1925; B. liguloides Leuckart 1886; S. rail- 
lieti von Ratz 1912; Dip. houghtoni Faust, Campbell, and Kellogg 1929; Dip. okumurai 
F., C., and K. 1929; Dip. fausti Vialli 1931; Dip. mansonoides Mueller 1935.* Adults 
in birds and mammals; procercoids in microcrustacea; spargana in divers vertebrates 
including Amphisbaena alba, Bothrops jararacca, B. neuwiedii, Bungarus fasciatus, 
Cerberus rhynchops, Chamaeleo chamaeleon, Chironius carinatus, Coluber gemonensis, 
Drymobius bifossatus, Elaphe climacophora, Elaphe longissima, Emys orbicularis, Ery- 
throlamprus venustissimus, Herpetodryas bicarinata, Lacerta agilis, L. muralis, Leptophis 
ahaetulla, Liophis merremii, Micrurus ibiboca, Naja tripudians, Natrix chrysarga, N. 
natrix, N. piscator, N. tessellata, N. viperina, Ptyas mucosus, Spilotes pullatus, Taren- 
tola mauritanica, and Testudo ibera. Distribution cosmopolitan. Life history—Okomura 


1919. 


Diphyllobothrium serpentis Yamaguti 1935.—From Naja naja in Formosa. 
Diphyllobothrium sp. Mueller 1938.—Spargana from Natrix in United States. 
Diphyllobothrium sp. Meggitt 1940.—Larvae probably of D. reptans (per M. 1940). 


From Homalopsis buccata in Burma. 


SPARGANUM Diesing 1855 


An artificial collective group for diphyllobothriid larvae the adults of which are 
unknown. Equivalent terms are Plerocercus Braun 1883 and Plerocercoides Neumann 
1892. The reptilian cestode larvae listed in Ligula Bloch 1782 and Dibothrium Diesing 


1850 would also seem to belong here. 


Sparganum browni Thomas 1937.—From Natrix sipedon in New York. 

Sparganum sp. Sambon 1909.—From Boa envdris in American tropics. 

Sparganum sp. Johnston 1911.—From Demansia textilis in Australia. 

Sparganum spp. Johnston 1912.—From Dendrophis punctulatus, Morelia argus, 
Pseudechis pophyriacus, Varanus varius, and V. gouldii in Australia. 

Sparganum sp. Johnston 1914.—From Chlamydosaurus kingii in Australia. 

Plerocercus echicola Collin 1898.—From Echis sp. in East Africa. 

Plerocercus lachesis von Linstow 1902.—From Lachesis mutus. 


Ligula colubri-blumenbachii Cobbold 1861.—L. c.-blumenbachi Parona 1901—- 


lapsus. 


Dibothrium milliapharyngeus Hatch 1891.—From Pvthon molurus. 


Genus DuTuHiERSIA Perrier 1873 


_ Dauthiersia fimbriata (Diesing 1854) Monticelli and Crety 1891.—Solenophorus 
fimbriatus D. 1854; D. expansa Perrier 1873; D. elegans P. 1873. From Varanus 
albigularis, V. bengalensis, V. exanthematicus, V. flavescens, V. niloticus, and V. salva- 
tor in Africa, India, and Malaysia. 


Duthiersia impervia Vanni 1932.—From “Varano del Nilo.” 


Genus ScyPHOCEPHALUsS Riggenbach 1898 


Synonym: Scvathocephalus Meggitt 1924. 


Scvphocephalus bisulcatus Riggenbach 1898.—Scvyathocephalus b. (R.) Meggitt 
1924. From Varanus salvator and V. spp. in Sumatra (R. 1899), Java (MacCallum 
1921), and Indo-China (Joyeux and Houdemer 1928). 


* Note written at proof-reading. Recent authorities (Mueller 1938b and Chandler 
1940) recognize as valid Diphyllobothrium mansonoides, with spargana reported from 
mice and Natrix and adults from cats and dogs in North America. 
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Scvphocephalus secundus Tubangui 1938.—From Varanus salvator in Philippine 


Islands. 


Family TRIAENOPHORIDAE Nybelin 1922 
Genus ANCISTROCEPHALUS Lihe 1899 
Synonym: Polvonchobothrium Diesing 1854. 
Ancistrocephalus imbricatus (Diesing 1850) Lithe 1899—Dibothrium imbricatum D. 
1850, Bothriocephalus imbricatus (D.) Braun 1883, Bothriotaenia imbricata (D.) Ariola 


1900. From Caretta caretta and Chelonia mydas near Italy. 


Order CycLopHyYLLipEA Braun 1900 
Family ANOPLOCEPHALIDAE Fuhrmann 1907 
Subfamily LinstowuNaE Fuhrmann 1907 
Genus Pataia Shipley 1900 


Palaia varani Shipley 1900.—From Varanus indicus in “Far East.” 


Genus Oocnoristica Lithe 1898 
According to Meggitt 1927 and 1934 synonyms of Oochoristica include Anoplotaenia 
Beddard 1911, Altriotaenia Sandground 1926, and Diochetos Harwood 1932. Recent 
review with key to species—Hughes 1940. 
Oochoristica ameivae (Beddard 1914) Baer 1924.—Linstowia a. B. 1914; O. 
agamae Baylis 1919. From Agama inermis, A. sanguinolenta, Ameiva surinamensis, 


Cerastes vipera, Chamaeleo gracilis, Dendropus sp., Gerrhosaurus flavigularis, Hemi- 
dactylus brookii, H. gleadovii, and Psammophis sibilans in Africa and Asia. 


Oochoristica americana Harwood 1932.—From Farancia abacura in Texas. 


Oochoristica amphisbaenae (Rudolphi 1819) Zschokke 1904.—Taenia a. R. 1819. 
From Amphisbaena alba in Brazil. 


Oochoristica anolis Harwood 1932.—From Anolis carolinensis in Texas. 
Oochoristica bivitellobata Loewen 1940.—From Cnemidophorus sexlineatus in Kansas. 
Oochoristica bresslaui Fuhrmann 1927.—From Tropidurus hispidus in Brazil. 


Oochoristica crassiceps Baylis 1920.—O. fusca Meggitt 1927; O. sigmoides Moghe 
1926. From Agama stellio, Calotes versicolor, Eryx jaculus, Gongylus sp., and Psam- 
mophis subtaeniatus in Africa and India. 


Oochoristica elaphis Harwood 1932.—From Elaphe obsoleta in Texas. 

Oochoristica eumecis Harwood 1932.—Fzom Eumeces fasciatus in Texas. 

Oochoristica excelsa Tubangui and Masilufgan 1936.—From Mabuva mulltifasciata 
in Philippine Islands. 


Oochoristica fibrata Meggitt 1927.—O. americana M. 1934 not O. a. Harwood 
1932. From Boiga cvanea, B. multimaculata, and Pituophis sayi in Burma and Nebraska. 


Oochoristica fuhrmanni Hughes 1940.—O. brasiliensis Fuhrmann 1927 not O. b. 
(von Janicki 1904) Baer 1926. From Ameiva ameiva in Brazil. 


Oochoristica gracewileyae Loewen 1940.—From Crotalus atrox in Texas. 
Oochoristica hainanensis Hsi 1935.—From a “‘lézard indtérminé”™ in China. 
Oochoristica khalili Hamid 1932.-From Psammophis sibilans in Egypt. 


Oochoristica lagrangei Joyeux and Houdemer 1927.—From Leiolepis belliana in 


Indo-China. 


Oochoristica lygosomae Burt 1933.—From Riopa punctata in Ceylon. 
Oochoristica lygosomatis Skinker 1935.—O. parva Bavlis 1929 not O. p. (von 
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Linstow 1904) Baer 1935 nor O. p. (Sandground 1926) Meggitt 1934 nor O. p. 
Stunkard 1938; O. bavlisi Baer 1935. According to Loewen 1940 this species is identi- 


cal with O. lygosomae. 


Oochoristica natricis Harwood 1932.—From Natrix rhombifera in Texas. 
Oochoristica osherofi Meggitt 1934.—From Pituophis sayi in Nebraska. 
Oochoristica parvovaria Steelman 1939.—From Phrynosoma cornutum in Oklahoma. 
Oochoristica parvula Stunkard 1938.—O. parva S. 1938 not O. p. (von Janicki 
1904) Baer 1935 nor O. p. (Sandground 1926) Meggitt 1934 nor O. p. Bavlis 1929. 


From Coleonyx elegans in Yucatan. 


Oochoristica  phrynosomatis (Harwood 1932) Steelman 1939.—Diochetos p. H. 
1932. From Phrynosoma cornutum in Texas. 

Oochoristica rostellata Zschokke 1905.—Ichthyotaenia cryptobothrium von Linstow 
1906, O. c. (v. L.) La Rue 1911, O. cryptobothria Meggitt 1934. From Cerastes 
cerastes, C. vipera, Chrysopelia ornata, Coluber gemonensis, C. jugularis, and Malpolon 
monspessulana in Ceylon, Italy, and Algeria. 

Oochoristica thapari Johri 1935.—From Calotes sp. in India. 


Oochoristica theileri’ Fuhrmann 1934.—From Agama hispida and Chamaeleo tempeli 
in Africa. 

Oochoristica trachysauri (MacCallum 1921) Fuhrmann 1927.—Taenia t. M. 1921. 
From Trachysaurus rugosus in Australia. 

Oochoristica tuberculata (Rudolphi 1819) Lithe 1898.—Taenia t. R. 1819; T. 
rotundata Molin 1859, O. r. (M.) Parona 1900; T. truncata Krabbe 1879, O. t. (K.) 
Zschokke 1905, T. crenata K. 1879—lapsus for T. truncata; T. pseudopodis K. 1879. 
O. p. (K.) Z. 1905. From Acanthodactylus pardalis, Agama agama, A. sanguinolenta, 
Chalcides ocellatus, Eumeces schneiderii, Lacerta agilis, L. lepida, L. muralis, L. ocel- 
lata, L. viridis, Ophisaurus apus, Uromastix acanthinurus, Varanus griseus, Cerastes 
vipera, Eryx jaculus, and Psammophis sibilans in Spain and Africa. 


Oochoristica whitentoni Steelman 1939.—From Terrapene triunguis in Oklahoma. 

Oochoristica zonuri Baylis 1919.—From Gerrhosaurus major and Zonurus tropido- 
sternum in Africa and southern Europe. 

Oochoristica sp. Baer 1933.—From Lycophidion capense in Tanganyika. 

Oochoristica sp. Zschokke 1905.—From Agama stellio. 

Oochoristica spp. Joyeux 1923.—From Cerastes cerastes and Varanus griseus in 
Africa. 

Oochoristica sp. Meggitt 1927c.—From A. sp. and Agama stellio in Egypt. 


Linstowia sp. Southwell 1822.—This worm, only partially described, probably 
belongs in Oochoristica. From Hemidactylus flaviviridis in India. 


Family DicepipipAE Fuhrmann 1907 
Subfamily Fuhrmann 1907 
Genus OpHIovALiPoRA Hsii 1935 


Ophiovalipora houdemeri Hsii 1935.—From Elaphe carinata in China. 


Subfamily Dipytipunae Stiles 1896 
Genus Dipyiipium Leuckart 1863 
Synonyms from Meggitt 1924: Cryptocystis Villot 1882 and Microtaenia Sedgwick 
in Claus and S. 1884. 
Dipvlidium ascalabotidis (Marchi 1873) nobis—Custicercus a. M. 1873; D. sp. 
Ldpez-Neyra 1927. Experimental host (Marchi 1873) of subadult, Strix noctus; hosts 
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of larva, Lacerta agilis and Tarentola mauritanica. In Italy. According to Witenberg 
1932 D. a. in owls is probably an acanthocephalan, although some larvae reported as 
C. a. probably belong to Diplopylidium acanthotetra. 


Genus PANCERINA Fuhrmann 1899 


Synonym: Panceria Sonsino 1895 not Panceria Andres 1887. 


Pancerina varanii (Stossich 1895) Ransom 1909.—Taenia v. S. 1895, Panceria v. 
(S.) Baer 1927b, Panceria varani Lihe 1898, T. v. (L.) Braun 1900; Panceria are- 
naria Sonsino 1895. From Varanus griseus in Algeria (S. 1895) and in Palestine 
(Southwell 1926). 


Pancerina sp. Meggitt 1927c.—From Varanus griseus in Egypt. 


Genus DipLopyiipium Beddard 1913 
Synonym: Progynopylidium Skrabin 1924. 


Diplopylidium acanthotetra (Parona 1886) Witenberg 1932.—Synonyms mostly 
from W. 1932: Cysticercus a. P. 1886; Dipylidium trinchesii Diamare 1892, Taenia t. (D.) 
Braun 1894, Dip! —s t. (D.) Baylis 1929, Progynopylidium t. (D.) W. 1932, 
Dipv. trinchesei Railliet 1893—lapsus, Diplopvylidium t. (R.) Lopez-Neyra 1927, P. 1. 
(R.) L.-N. 1928; Dipy. triseriale Lithe 1898, Dipl. t. (L.) L.-N. 1927, P. t. (L.) 
L.-N. 1928; Dipy. quinquecoronatum L.N. and Mufioz-Medina 1921, Dipl. q. (L.-N. 
and M.-M.) L.-N. 1927, P. q. (L.-N. and M.-M.) L.-N. 1928; Dipl. fabulosum 
Meggitt 1927d, P. f. (M.) L.-N. 1928; > Dipy. sp. Gaiger 1915; perhaps in part 
C. ascalabotidis Marchi 1873—Witenberg 1932. Adults from mammals, cysticercoids 
from Agama stellio, Cerastes cerastes, Chalcides lineatus, C. ocellatus, C. tridactylus, 
Chlorophis irregularis, Coluber gemonensis, C. hippocrepis, C. ravergierit, Hemidactvlus 
flaviviridis, H. turcicus, Lacerta agilis, L. muralis, L. ocellata, L. viridis, Malpolon 
monspesslana, Natrix viperina, and Tarentola mauritanica in southern Europe and Asia 
and northern Africa. 


Diplopylidium monoophorum (Lithe 1898) Lopez-Neyra 1927.—Dipylidium m. L. 
1898, Progynopylidium m. (L.) L.-N. 1928. Adults from mammals. Larva from Chlo- 


rophis irregularis in French Guinea. 


Diplopylidium nélleri (Skrjabin 1924) Lopez-Neyra 1929.—Synonyms from Witen- 
berg 1932: Progynopylidium n. S. 1924; P. noelleri L.-N. 1927, D. n. (L.-N.) L.-N. 
1927; P. monophoroides L.-N. 1928; D.m. (L.-N.) L.-N. 1929; “Dipvlidium trincheset” 
of L.-N. and Mufioz-Medina 1921; “Diplopylidium trinchesei,” “Dipylidium zschokkei,” 
and “Diplopylidium zschokket” of L.-N. 1927. Adults from cat, larvae from Cerastes 
ccrastes, Coluber ravergiert, Hemidactylus turcicus, Lacerta laevis, Malpolon monspes- 
sulana, and Tarentola mauritanica in Palestine. 


Diplopylidium skrjabini Popov 1935.—Adult experimentally from cat, cysticercoid 
from Gymnodactylus caspius, in Transcaucasia. 


Diplopylidium zschokkei (Hungerbihler 1910) Lopez-Neyra 1927.—Dipvlidium z. 
H. 1910, Progynopylidium z. (H.) L.-N. 1928. Adults from carnivores, larva from 


Cerastes cerastes, in South Africa. 


Genus JoYEUXIELLA Fuhrmann 1935 
Synonym: Joveuxia Lopez-Neyra 1927 not Joveuxia Topsent 1890. 
Joveuxiella echinorhyncoides (Sonsino 1889) Hughes 1941.—Taenia (Dipylidium) 
e. S. 1889, D. e. (S.) Diamare 1892, Joveuxia e. (S.) Lépez-Neyra 1929, D. echino- 


thynchoides Lithe 1894—lapsus, T. e. (L.) Braun 1896, Joveuxia e. (L.) L.-N. 1927, 
Joveuxiella e. (L.) Joyeux and Baer 1936; Cvsticercus rostratus Mingazzini 1893—W 
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1932. Adults from mammals, cysticercoids from Agama stellio, Chalcides lineatus, C. 
tridactylus, Coluber dahlii, C. gemonensis, C. ravergieri, Malpolon monspessulana, Psam- 
mophis sibilans, Ptyodactylus lobatus, Scincus scincus, and Tarbophis fallax in northern 
Africa and Palestine. 


Joveuxiella pasqualei (Diamare 1893) Joyeux, Baer, and Martin 1936.—Synonyms 
mostly from Witenberg 1932: Dipylidium p. D. 1893, Taenia (D.) p. (D.) Braun 
1896, Joyeuxia p. (D.) Lopez-Neyra 1927; D. chyzeri von Ratz 1897, Joveuxia c. 
(R.) L.-N. 1927; D. rossicum Skrjabin 1922, Joveuxia r. (S.) L.-N. 1928, Joveuxia 
rossica (S.) W. 1932; D. fuhrmanni Baer 1924, Joveuxia f. (B.) L.-N. 1927; Jov- 
euxia aegyptica M. 1927d; Diplopylidium fortunatum M. 1927d in part, Dipy. f. (M.) 
W. 1932; Joveuxia pasqualeiformis L.-N. 1928; Dipy. sp. Kofend 1921; Custicercus 
sp. Sonsino 1897; C. sp. Tarozzi 1898. Adults from mammals, cysticercoids (per J. 
and B. 1936) from Acanthodactylus schreiberi, Agama ruderata, A. stellio, Coluber 
dahlii, C. gemonensis, Hemidactylus turcicus, Lacerta muralis, L. ocellata, L. viridis, 
Natrix viperina, Tarbophis fallax, Tarentola mauritanica, and Varanus griseus, in Medi- 
terranean area. 


Family MEsocestoipiaAE Fuhrmann 1907 
Genus Mesocestoines Vaillant 1863 


Meggitt 1924 lists Monoridium Walter 1866 and Ptvchophysa Hamann 1885 as 


synonyms of Mesocestoides. 


Mesocestoides lineatus (Goze 1782) Railliet 1893——Synonyms from Meggitt 1924 
and Witenberg 1934 inter se: Taenia 1. G. 1782, Halvsis 1. (G.) Zeder 1803, Piv- 
chophysa 1. (G.) Hamann 1885, M. 1. l. (G.) R. of W. 1934; T. canis-lagopodis 
Rudolphi 1810 and P. c. -l. (R.) Lénnberg 1896 in part; T. litterata Batsch 1786. 
Alvselminthus litteratus (B.) Zeder 1800, H. litterata (B.) Z. 1803, M. litteratus (B.) 
Dolly 1786, and P. litterata (B.) L. 1896 all in part; 7. pseudo-cucumerina Bailliet 
1863; T. pseudo-elliptica Bailliet 1863; T. serrata astephana Diesing 1863; Cysticercus 
elongatus Blumberg 1882 not C. e. Lueckart 1842, Dithvridium elongatum (B.) Raailliet 
1893, Tetrathvridium elongatum (B.) W. 1934; M. variabilis major Mueller 1928. 
Adults from mammals, tetrathyridia from Agama stellio, Coluber hippocrepis, Elaphe 
scalaris, and Lacerta agilis. Apparently cosmopolitan. 


Mesocestoides ambiguus Vaillant 1863.—Adults from carnivores, larvae from Elaphe 


scalaris, in Mediterranean region—Joyeux and Baer 1932 and J., B., and Martin 1933a. 


TETRATHYRIDIUM Rudolphi 1819 


According to Witenberg 1934 Tetrathyridium is the most appropriate name for a 
collective group comprising larvae of mesocestoidid type. Also, according to this author, 
“Tetrathyridia have been described . . . under the following synonymous names: Cepha- 
locotylium Diesing, 1850; Cvysticercus Zeder, 1800 (p. p.); Dithyridium Rudolphi, 
1819; Dubium Rudolphi, 1819; Plerocercoides Neumann, 1883 (p. p.); Plerocercus 
Braun, 1883; Petrathyrus Cobbold, 1860; Piestocystis Diesing, 1850; Piestocytis Braun, 
1894; Slossia Meggitt. 1931; Tetrathyrus Creplin, 1931.” Perhaps Cisticercoideum 
Parona 1901 and Cvsticercoides Leuckart (date >), in part, should also be listed here. 
It should be pointed out that not necessarily all of the species listed under this heading 
are mesocestoidids—they are, for the most part at least, of simple tetrathyridian form 
and pertain to worms whose life histories are unknown. 


Tetrathyridium hubbardi nobis—The plerocercoids of Hubbard 1938 from Masti- 
cophis flagellum in Oklahoma. 


Tetrathyridium lacertae (Valenciennes 1844) nobis—Synonyms from Cobbold 
1860: Dithvridium I. V. 1844; Dubium I. muralis Rudolphi 1819, Dithvridium |. m. 
(R.) R. 1819; Dubium I. viridis R. 1819, Dithyridium lL. v. (R.) R. 1819; Mono- 
stoma |. D. 1850; Piestocystis dithyridium D. 1850, Cysticercus d. (D.) von Linstow 
1878; Tetrathyrus obesus Creplin 1851, Petrathyrus 0. (C.) Cobbold 1860; M. gurllii 
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Cobbold 1860. From Chalcides tridactylus, Coronella austriaca, Elaphe quatuorlineata, 
Lacerta agilis, L. muralis, L. viridis, and L. vivipara in Europe. 


Tetrathyridium psammophis Henry and Joyeux 1920.—From Psammophis sibilans 
in French Guinea. 


Tetrathyridium spp. Joyeux and Houdemer 1927.—From Hvpsirhina plumbea, Naja 
sp., and Ptyas mucosus in Indo-China. 


Tetrathyridium spp. Joyeux and Baer 1932.—From Tarentola mauritanica and 
Natrix natrix in Algeria and Italy respectively. 


Tetrathyridium spp. Joyeux and Baer 1933.—From Coluber hippocrepis and Laceria 
muralis in France. 

Tetrathvridium spp. Joyeux and Baer 1936.—From Lacerta viridis and L. vivipara 
in France. 

Cisticercoideum spp. Parona 1901.—From Amphisbaena sp. and Coluber sp. in 
Brazil. 

Cysticercoides sp. Sonsino 1897.—From Tarentola mauritanica in Italy. 

Cysticercus lacertae von Linstow 1892.—From Lacerta agilis in Germany. 

Cysticercus luctus Crisp 1854.—From an alligator in London Zoological Gardens. 

Cysticercus megabothrius Crety 1887.—C. (Piestocystis) m. C.—von Linstow 1889, 
Cysticercoides m. (C.) Sonsino 1897. A tetrathyridium (per Witenberg 1924) from 
Coronella autriaca and Tarentola mauritanica. 

Cysticercus sp. Leuckart 1874.—A tetrathyridium (per Witenberg 1934) from 
Lacerta vivipara. 

Cysticercus sp. Grassi and Rovelli 1892.—Perhaps a member of the Dipylidiinae- 
Witenberg 1932. From Tarentola mauritanica. 

Cysticercus spp. Parona (date >).—From Lacerta vivipara and Tarentola mauri- 
tanica. 

Cysticercus sp. Galli-Valerio 1907.—Perhaps a member of the Dipylidiinae—Witen- 
berg 1932. From Scincus scincus in Tunisia. 


Cysticercus spp. Harwood 1932.—Tetrathyridia (per Witenberg 1934) from 
Eumeces fasciatus and Leiolopisma unicolor in Texas. 


Custicercus sp. Solomon 1932.—Taenia sp. Hudson 1934. From Naja nigricollis in 
eastern Africa. 


Dithyridium spp. Meggitt 1927.—Tetrathyridia (per Witenberg 1934) from Bun- 
garus multicinctus, Mabuva carinata, Lycodon jara, Holarchus purpurascens, and Natrix 
stolata in Burma. 


Dithyridium spp. Meggitt 1931—From Bungarus candidus, Chrvysopelia ornata, 
Holarchus cruentatus, H. purpurascens, Naja naja, Natrix beddomii, and N. piscator in 
Burma. 

Dithyridium sp. Witenberg 1932.—Diplopylidium trinchesei” of Meggitt 1927d. 
From Tarentola annularis in Egypt. 


Piestocystis hoplocephali Hill 1894.—Probably a proteocephalid larva (Witenberg 
1934). From Denisonia superba in (>?) Australia. 


Piestocystis lialis Hill 1894.—A tetrathyridium (per Witenberg 1934) from Lialis 


burtonii in Australia. 
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Family NEMATOTAENUDAE Lihe 1910 
Genus NEMATOTAENIA Lihe 1899 


Nematotaenia dispar (Goze 1782) Lithe 1910.—Taenia d. G. 1782, Proteocephalus 
d. (G.) Weinland 1858, T. (N.) d. G—Parona 1900; T. d. salamandrae F rolich 
1789; T. bufonis Gmelin 1790; Halvysis obvoluta Zeder 1803. From amphibians, Gekho 


gecko, and Tarentola mauritanica. Apparently cosmopolitan. 


Nematotaenia jaegerskioeldi von Janicki 1928. From amphibians and Brookesia brevi- 
caudata in South Africa—Baer 1933. 


Genus CYLINDROTAENIA Jewell 1916 


Cvlindrotaenia americana Jewell 1916.—From amphibians and from Ptvas mucosus 
in Burma (Meggitt 1931) and Leiolopisma unicolor in Kansas (Harwood 1932). 


Family Davainemae Fuhrmann 1907 
Genus RaiLLigTINA Fuhrmann 1920 


Synonyms from Meggitt 1924 and Fuhrmann 1932: Bothriotaenia Railliet 1892 and 
Meggittia, Idiogenoides, Koiiania, and Brumptiella all of Lopez-Neyra 1929. 


Raillietina hertwigi (Mola 1907) Fuhrmann 1932.—Davainea h. M. 1907, Taenia 
h. (M.) M. 1907, Kotlania h. (M.) Lopez-Neyra 1931. Adults from Falconiformes; 


larvae from Lacerta muralis in Italy—Joyeux and Baer 1936. 


Family TaENmDAE Ludwig 1886 
Genus TAENIA Linnaeus 1758 


It is unlikely that any of the species listed here belongs to Taenia proper, or even 


to the family Taeniidae. Although named originally in Taenia they were all too briefly 
described for positive identification or definite classification. For these reasons the many 
names synonymous with 7aenia are not included. 


Taenia alata Fraipont 1882.—From Uromastix acanthinurus in Algeria. 

Taenia articulata Stossich 1896.—From Agama stellio in Egypt. 

Taenia bremseri Baird 1852.—From Crocodylus palustris in Bengal. 

Taenia chelodinae MacCallum 1921.—From Chelodina longicollis in Australia. 
Taenia decrescens Rudolphi in Creplin 1849.—From Constrictor constrictor. 

Tacnia lacertae Rudolphi 1819—From Lacerta orbicularis. 

Taenia mychocephala von Ratz 1900.—From Varanus sp. in Australia. 

Taenia polonioi Hughes 1941.—T. solitaria Polonio 1860 not T. s. Leske 1784. 


From Lacerta muralis in Italy. 


Reptilian Nematodes Formerly Known as Cestodes 


Nematoideum serpentum (Gmelin 1790) Diesing 1851.—Taenia s. G. 1790, Custi- 
cercus s. (G.) Zeder 1803, Vermis (dubius) s. (G.) Rudolphi 1810; V. (d.) colubri- 
redii R. 1810; Dubium serpentis Parona 1894. 


Sclerotricum echinatum (Rudolphi 1809) Dujardin 1845.--Taenia spirillum Pallas 
1781, T. spiralis Bremser 1824—lapsus. 


Notes and Discussion 


Notes on Algae from two Warm Springs in Arkansas 


Netta E. Gray 


On September 9, 1939, collections were made from two small warm springs located 
in the Caddo Mountains in Montgomery County, Arkansas. Spring A (Barton Warm 
Spring) is deep in the woods about two miles from Caddo River. It has been only 
slightly improved by a cement pit (dated 1939) in which the spring water rises, and 
then flows away as a very small stream on a rocky stream bed. This spring is noted in 
the geological report of the DeQueen and Caddo Gap quadrangles by Miser and 
Purdue (1929), and a chemical analysis of the water is included. At the time of collec- 
tion the entire surface of the spring pool was covered to about 1.5 cm. with masses of 
floating algae and on the sides of the.cement pool algae were attached. Collection No. | 
was made at this place. Seepage on soil around the pool and the stream bed also yielded 
algae. Collection No. 2 was made from the mosses around the pool and from the rocks 
of the stream. The temperature of the spring, 4 inches from the surface, at the time of 
collection was 89° F. On March 14, 1940, an additional collection (No. 5) was taken 
from the pool and the appearance of the surface was noted to be the same as the 
previous September. 

Spring B is located only a few feet from the bed of the Caddo River, a large 
stream, about two miles northeast of the preceding spring. A pit for the spring had been 
so recently deepened and cleaned that no algae were present in it. This cleaning was 
necessary because flood waters constantly fill it up with sediment. The flow of the spring 
is into the stream directly. The river is very shallow at this point and is flowing on bed 
rock. There were abundant algae in the warm pools and pits formed among the stones 
and these made up Collection No. 3. This spring was also noted by Miser and Purdue 
(1929). The cement enclosures reported ty them are no longer extant and only the 
North Spring was kept free from debris. The temperature of the water at the time of 
collection was 94° F. which agrees with the above paper. Collection No. 6 was taken 
here on March 14, 1940. 

These collections proved to be exceedingly interesting; first because of the large 
number of forms found to be represented in so small an area, as shown by the list of 
species included with this note, and second because of the particular species in the 
location. They bring together, in the central United States, thermal forms which have 
been reported from springs in Yellowstone and Canada, and forms from the streams of 
California, Hawaii, West Indies, and the tropics. 

Following the observation so often made on thermal springs, the algae most abun- 
dantly represented were the Myxophyceae. In both springs, however, Pithophora varia, 
which is usually considered subtropical, was found in abundance and in the March 
collection it proved to be the dominant species in Spring A. Affixed to it were several 
epiphytic species, Chamaesiphon incrustans, Calothrix sandvicensis, Lungbva distincta, 
Gomphonema sphaerophorum, and Epithemia zebra. Our Lyngbva distincta is a smaller 
variety than that described by Tilden (1910). Also the Pithophora was found to be the 
substrate for at least two species of Oedogonium and for Compsopogon coeruleus. 
Compsopogon coeruleus, found in Spring B, has been reported only once from the 
United States when it was found in Arkansas by E. A. Spessard! in a stream about 
thirty miles distant from the station on the Caddo River which our paper reports. 

1 Smith, 1933. This is the only publication of this note. The location of Spessard's 
collection was learned by personal communication. 
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Another interesting species found is Hapalosiphon intricatus, a true-branching blue- 
green alga which follows the description by West & West (1895) with the only excep- 
tion that our specimens seem to branch much more freely. This species was found in 
tangled masses in Collection No. 2. 


There was a great difference between the spring and fall collections in the number 
of species, the fall collection reaching approximately 70 species and the spring collection 
only about 20 species. Diatoms (chiefly Epithemia zebra which was epiphytic on Pitho- 
phora) and the Pithophora almost completely constituted Collection No. 5. There was 
no evidence of the large variety of blue-green algae found in the fall collection. In the 
spring collection Oscillatoria princeps was a light pink or reddish shade and the indi- 
vidual filaments could be distinguished in the collection without the aid of the microscope. 


Identifications were made from the material as preserved in formalin-acetic-alcohol 
as recommended by Smith (1933), prepared, however, for convenience with 95% 
alcohol and then diluted to 50% with the water in which the algae were growing. This 
proved to be a very satisfactory procedure. 


The classification followed is that of Smith (1933). Collections have been placed in 
the herbarium of the University of Illinois. The list of species found is as follows: 


Collecticn Name 


| Gloeocapsa montana Kitz. A. circinalis Rab. 
2 G. sp. Nostoc foliaceum Mougeot. 
] Aphanocapsa Grevillei N. sp. 
(Hass.) Rab. Plectonema Wollei Farlow. 
3 Merismopedia glauca . Scytonema caldarium 
(Ehr.) Nag. Setchell. 
2 M. elegans A. Br. ; Calothrix sandvicensis 
l Microcystis incerta (Nordst.) Schmidle. 
Lemmermann. C. thermalis 
| M. flos-aquae (Wittr.) (Schwabe) Hansg. 
Kirschn. 
Xenococcus Schousboei Thuret. Hapalosiphon intricatus 


Collection Name 


DOW WW WW WW 
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(On Plectonema Wollet). 

Chamaesiphon incrustans 
Grun. 

Spirulina major Kitz. 

Oscillatoria princeps Vauch. 

O. tenuis Ag. 

O. amphibia Ag. 

O. subtilissima Kitz. 

O. limosa Agardh. 

O. brevis Kitz. 

O. proboscidea Gom. 

O. Okeni Ag. 

O. spp. 

Phormidium tenue 
(Menegh.) Gom. 

Lyngbya putealis Mont. 


L. Lagerheimii (Méb.) Gom. 


L. pencillata Kitz. 
L. major Menegh. 
L. Martensiana Menegh. 
L. distincta 
(Nordst.) Schmidle. 
Anabaena inequalis (Kiitz.) 
Born. & Flah. 
A. variabilis Kitz. 


West & West. 
Compsopogon coeruleus 
(Balbis) Mont. 
Melosira varians Ag. 
Fragilia construens 
(Ehrenb.) Grun. 
Epithemia zebra 
(Ehrenb.) Kitz. 
Cocconeis pellucida Grun. 
Rhopalodia sp. 
Cumbella affinis Kiitz. 
Synedra affinis var. 
tabulata Ag. 
S. ulna 
(Nitzsch) Ehrenb. 
Nitzschia dissipata 
(Kiitz.) Grun. 
Cyrosigma acuminatum 
(Kiitz.) Cleve. 
Gomphonema sphaerophorum 
Ehrenb. 
CG. constrictum Ehrenb. 
Surirella elegans Ehrenb. 
Pinnularia legumen Ehrenb. 
Cumbella cymbiforme 
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Name 


(Ehrenb.) van Heurck. 


Rhabdonema sp. 
Meridion circulare Kitz. 
Pinnularia Braunii 
(Grun.) Cleve. 
Ulothrix spp. 
Pithophora varia Wille. 
Oedogonium sp. 


O. Howardii G. S. West. 


O. fragile Wittr. 
O. obsoletum Wittr. 


Scenedesmus bijuga 


N ame 


S. quadricauda (Turp.) Breb. 
Selenastrum Westii 
G. M. Smith. 
Closterium Dianae Ehrenb. 
C. acerosum (Schrank) Ehrenb. 
Penium sp. 
Cosmarium pyramidatum Breb. 
C. Boeckii Wille. 
C. granatum Breb. 
Spyrogyra maxima 
(Hass.) Wittr. 
S. Grevilleana (Hass.) Kitz. 


(Turp.) Lagerh. S. adnata Kitz. 


S. obliquus (Turp.) Kitz. 


w 


I wish to express my appreciation to Dr. Stella M. Hague of the Botany Depart- 
ment of the University of Illinois for assistance in identifications and to Mr. C. M. 
Barber of Hot Springs, Arkansas, who obtained the March collections for me. 
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Portable Aquarium Filter 
HERBERT WILLIAM JACKSON 


Aquarium users are often confronted with clouded or fouled water which must be 
replaced or cleaned immedixtely in order to prevent the death of specimens. A small 
portable filter will often clear up such a tank in 12-24 hours with a minimum expendi- 
ture of time and labor. One such device consists of a 1-2 liter bottle filled with fine 
clean sand, a 3-holed rubber stopper, and a few lengths of glass tubing. 


One piece of tubing 70 cm. long with a bore of 4 mm. or less (D) is bent sharply 
back on itself 30 cm. from one end, and a 1.5 mm. hole blown at the bend (C). The 
tip of the shorter end is bent out at right angles. The long end of this piece is now 
thrust through one of the holes in the stopper far enough to come within 5 mm. of the 
bottom of the bottle. A second piece of similar tubing (G) just long enough to reach 
from the top of the stopper to the bottom of the bottle is pushed through another hole. 
A third tube (E), 5 cm. longer than the stopper is thrust through the third hole till the 
inner end is flush with the inner end of the stopper. 


__Afer filling the bottle with sand to within 2 cm. of the top, a wad of glass wool (F) 
is inserted in such a way that it will later cover the end of the short tube (E.). The 
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Fig. 1. A. Air inlet. B. Ad- 
justable pinch cock. C. 1.5 mm. 
hole for water intake. D. Water- 
air intake, 4 mm. bore glass tubing. 
E. Water return, 4 mm. bore glass 
tubing. F. Wad of glass wool. G. 
Air outlet. H. 1-2 liter bottle near- 
ly filled with sand. 


two longer tubes are now pushed down through the sand and the stopper firmly inserted 
against the glass wool. The long bent tube (D) may be braced by a wire twisted about 
it and about the neck of the bottle; or the tube may be cut 2 cm. below the stopper and 
a rubber tubing junction made. The apparatus is now inverted, clamped to a ring stand 
(not shown), and sand blown out of the tubes. A compressed air line (A) with a control 


valve (B) is attached to the free end of the tube D. 


In operation, the bend of the long tube is lowered to within | cm. of the bottom 
of an aquarium, and the apparatus clamped in position. Water return (E) should be 
directly over the aquarium. Air should be turned on suddenly so that water which has 
entered through the small hole (C) is blown up into the filter chamber, and more water 
prevented from entering. The air pressure may now be slowly reduced until the maxi- 
mum amount of water entering through the water intake (C) is being carried up into 
the filter chamber. Water drains back into the aquarium through the water return tube 


(E) cleaned and aerated, while air escapes through the third tube (G). 


Note: The above measurements may be varied considerably, for example, the dis- 
tance from water surface to top of filter chamber may be as much as twice the distance 
from water surface down to water intake (C). 
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